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Ophthalmic Solution 30% 


(sodium sulfacetamide) 


Sodium SuLaMyp® Ophthalmic Solution 30% applied as 
eye drops offers all these advantages: 


Effective against both gram-positive and gram-negative 
bacteria. 
Deep penetration into intraocular tissues on conjune- 
tival application, 
Higher local concentration of drug than obtainable with 
sulfonamide preparations by oral administration. 
Notable freedom from irritation — virtually 
non-sensitizing. 
For routine daytime use: Sodium SuLamyp Ophthalmic 
Solution 30% —applied by eye dropper, 3 or 4 drops daily. 
For bacteriostasis through the night: Soplum SULAMYD 
amaai Ophthalmic Ointment 10% before retiring. 
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She Pp unpose of the Guild 


@ The aim of the Guild of Prescription 
Opticians of America is to advance the 
science of ophthalmic optics through 
the development of a country-wide 
ethical optical dispensing service that 
comprehensively meets the needs of 
the Eye Physicians and their patients; 
and to educate the public to the fact 
that the Eye Physician-Guild Optician 
type of eye service truly renders the 
most desirable form of eye care. 
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Che Guild of Prescription 
Opticians of America, Ine. 
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Your Skill Goes Further 


N° degree of instrumentation can ever substitute for professional skill and 
judgment. But there can be no doubt that adequate instrumentation makes 
possible more efficient use of that skill. The Bausch & Lomb Hydraulic Chair and 
Unit makes possible a centralized refractive procedure. You gain the advantages 
of uniformly and critically precise refractive measurements, relaxation and co- 
operation of patients, and reduction of fatigue for yourself. You'll get more done 
with less effort, and you'll gain the satisfaction that all of your work measures up 
to a higher standard of excellence 
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OPTICAL COMPANY ROCHESTER 2, N.Y. 


a 
f - 
> 


It's a clear case of POPULARITY 


At first sight, women patients everywhere love the 
fashionable, flattering styling of the newest 


EYES BRIDGES in eyewear, The Blossom Clear Bridge. 
42 18, 20, 22, Duo colors include: Black/Crystal, Bronze/Crystal, 
44 18, 20, 22, 24 Slate Blue/Crystal, Wine/Pink. The Blossom is 
46 18, 20, 22, 24 available in solid bridge, too. And with golden trim. 
oe J CONTACT YOUR SUPPLY HOUSE TODAY! 
ESTABLISHED 1923 11-15 47th AVENUE, LONG ISLAND CITY 1, NEW YORK 
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Kye Treatment Tray 


ONE COMPACT UNIT provides individual compartments for all 
the equipment and medication common to eye treatment. Designed 
by Francis X. Sturner, Chief Pharmacist, Buffalo General Hospital. 
constructed of embossed aluminum ... easy to carry and easy to 
clean. Botthe compartments lined with rubber for snug, rattle-proof 
fit. Tray furnished with five 2-ounce and twenty-four !',-ounce 
dropper bottles, complete with fitments. Dimensions: 15” x 16x 1” 
depth. You may order direct or through your supplier. 


$10 each (plus postage) 
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LINE 7 CV is designed 


[1] Incorporates all the superior advan- 
tages of the Univis CV 3 foci lens, plus: 
}2| Processed segment lines reduce false 
images (white or multicolored) over 804¢ 
by photo interceptor cell test. 

Better cosmetically processed 
segment lines blend into facial coloring. 
{4| Positive Univis Identification from 
processed lines. 

Popular segment sizes—-7 mm inter- 


mediate and 23 mm seement width. 
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Literature available on request 
The Univis Lens Company 


New York 


Los Angeles * San Francisco * Philadelphia 


Dayton 


Etiology. For the past three years 
Univis Continuous Vision Lens per- 
formance has been guaranteed. Patient 
satisfaction under that guarantee has 
exceeded 977. Striving for perfection, 
Univis conducted clinical analyses on the 
less than three percent that were returned, 
It was clearly established that intruding 
light images (white or multicolored ) 

were the chief cause of patient complaint. 
These images were thought by some to be 
the result of chromatie aberration in 

the segment glass. This was unfounded 


because Univis. like other better manu- 
facturers, has been using 


vlass for 


conclusively proven that these annoying 


a ¢ olor free 


seoment many years. It was 
images resulted from reflections or 
refractions by segment lines. 


Perftormanee. Univis Researchers 
have answered this problem with an 
entirely new lens. By actual photo inter- 
ceptor cell test, the proc essed segment lines 
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absorb or diffuse 
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set on fronts and 
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. costume colored 
plastic made more 


Kono’s unique marriage of zyl and metal 


—the “made for each other” modern 


design . . . the newest, most fashion- enchanting with slim 
metal temples and 
able frame-look for men and women! astral trim. 
EXECUSPEC 
The slim, lightweight METAKON A new frame style for 
men!—smart metal 
P temple is a Konoptic creation in temples and crisp 


tailored trim. 
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For Trial Frame Stereoscopic Cards 


The Lenscorometer by GUIBOR 
originated by Austin Belgard r — 
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suring vertex dis- 


tance of trial lens 


and patient's glasses 


Use of Lenscorometer in all cases of 
aphakia, + OR corrections of four 
Can be used with the Stereocampimeter, Synopto- 


a necessity to insure scope, Rotoscope and similar instruments; also with 


diopters or more 
For adults and children. 


true translation of prescription. 


Each $11.75 


regular stereoscope 


Set $4.75 
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(Lebensohn) 
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WASHABLE 
“NO COMPUTATION REQUIRED” 
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Send for Literature 
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DISPENSING SERVICE 


109 N. Wabash, at Washington 
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You Now Have 
a Choice... 


You can feel the difference 


YOU STILL HAVE PROTECTION 
when you use 


K Ulitex Onepiece Flattop Bifocals 


There are two K Ultex bifocals now. Both are iden- 
tifiable so both give you recognizable quality protec- 
tion. Segment sizes are: 


Regular K 14x 19 m/m 
1614 x m/m 


New Large K 


Comparing the new 224% m/m size with the regular 
K, you'll find its near field to be 


3'4 m/m wider 
m/m higher 


This means that there are increases of 


18°, in linear width 


391, °., in total segment area 
32°,, on the average in overall area of 
projected field.* 


With this appreciable amount of extra reading room, 
eye movers and nervous individuals who have diffi- 
culty staying within a smaller field can be given more 
comfort. Also, those persons whose work or pleasure, 
eyewise, largely falls within the confines of near dis- 
tances, can be fitted more effectively. 


Each of the two K onepiece lenses has its place. 
Combined, they make a wonderful, working team in 


the furnishing of clear, clean, color-free vision. 


*This varies, of course, with power. The 32°, figure 
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is that of a plano distance and + 2.00 addition. 
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We Serve them all! 


From Memphis to Mobile, from Broadway at 


Commercial Optical of Omaha can be de- 


42nd to Hollywood and Vine, we supply pended upon to supply a wide variety of 
Ophthalmologists with all optical require- frames, lenses of any description, and other 

: ; optical supplies. Our competitive prices 
ments. From the smallest community to the 


: assure you of extra benefits for your patients, 
argest metropolitan city, doctors throughout 

om B and our centrally located plants in Omaha 
the United States, Mexico, and Canada have 


and Kansas City assure you of prompt Air 


learned, through the past 25 years, that 


Mail and Regular Mail service. 


OVER-NIGHT AIRMAIL SERVICE 


anywhere in the U.S.A., Mexico, or Canada 
We feature qual lity merchandise from 
Nall nally known manufac turers such as Titmus, 


Universal, Artcraft, Victory, Continental, and Optical 


Products Company. 


‘tthe leading independent 
Rx laboratory in the U.S.’’ 


AMA-6 
COMMERCIAL OPTICAL CO. 
321 SO. 15TH ST., OMAHA, NEBRASKA 
Or — Box 2177 — Kansas City, Missouri 
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Send 1954 Fashion Catalog 
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RAPID ACTION RAPID ACTION 


RAPID RECOVERY 


A TIME SAVER IN CYCLOPLEGIA AND MYDRIASIS 


A new, virtually non-irritating cycloplegic-mydriatic compound with 
marked advantages in rapidity of action (30-60 minutes), depth of depression of 
accommodation, and promptness of recovery ... 12-24 hours without a.miotic... 


Now... Council Accepted Peat 


CYCLOGYL= 


Hydrochloride 
brand of CYCLOPENTOLATE hydrochloride 


Effective in cases of darkly pigmented eyes normally refractory to cycloplegics,, CYCLOGYL 
Hydrochloride does not appreciably affect intra-ocular pressure, and may be used with safety in 
all age groups. It “may successfully replace, or will certainly be a useful adjunct, to the use of 
homatropine and even atropine for routine office refraction.’”” 

Write for literature 


CYCLOGYL (Hydrochloride) Available in 0.5% and 1.0% Solution, in 15 cc. Bottles; 1.0% Solu- 
tion, in 2 cc. Bottles 


Kes) Schiffelin gz Co., pharmaceutical and research laboratories since 1794 


18 Cooper Square, New York 3, N. Y. 


1, Gettes, B. C., and Leopold, I. H.: A. M. A. Arch. of Ophth, 49:24 (Jan.) 1953. 
2. Stolzar, I. H.: Am, J, Ophth, 36:110 (Jan.) 1953. 


RAPID RECOVERY 


OW MORE ACCURATE VISUAL DIAGNOSIS 
N IN THE EYE, EAR, NOSE ano THROAT 
WITH THE NEW, IMPROVED 


DIAGNOSTIC SETS 


American Cystoscope Makers offers the medical profession 
the finest line of Diagnostic Sets in its entire history. These 
new sets incorporate the outstandingly important feature 
— exclusive with the ACMI ophthalmoscope — of a coated 
lens system, greatly increasing the amount of light trans- 
mitted, improving definition and clarity of the image, and 
eliminating halo, flare and ghost images. 


Standard Set, Catalog No. 1106 [ 


STANDARD SET comprises ophthalmoscope head (with 
built-in color filter and aperture changer), otoscope head 
with 3 specula, medium battery handle and one spare 
lamp, in plush-lined case, with space for additional specula 
and tongue depressor. 


COMPACT SET, for the practicing physician, includes 
ophthalmoscope head (with built-in color filter and aper- 
ture changer), otoscope head, 5 ear and 1 nasal specula, 
small battery handle and extra lamp. Additional space for 
tongue depressor and more specula. 


LARGE SET contains otoscope head, 5 ear and 1 nasal 
specula, ophthalmoscope head (with built-in color filter 
and aperture changer), large battery handle, 1 extra 
lamp, with provision in case for tongue depressor head, 
additional specula and lamp replacement. 


PROFESSIONAL SET. This, the most complete Wappler 
set, incorporates an otoscope head with 5 ear and 1 nasal 
specula, tongue depressor head, ophthalmoscope head 
(with built-in color filter and aperture changer), large bat- 
tery handle, extra lamp, and rubber bulb for insufflation. 


Large Set, Catalog No. 1109 


AMERICAN CYSTOSCOPE MAKERS, INC. 


Frederick J. Wallace, President 


1241 LAFAYETTE AVENUE - NEW YORK 59, N. Y. 
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Sterilizer 
Hot Air 


1. Constant temperature 
2. Forced circulation 


To assure even temperature 


3. Well insulated, 
Economical CO 
4. Fully automatic Price: $235.00 


To eliminate corro- Higher temperature of hot air sterilization 
sive damage lo sharp, delicate eye is still well below point at which temper 
instruments so frequentin boiling, of sharp instruments would be affected. 
autoclaving, and some cold steri- Sterilizer is fully automatic and includes 
lizing agents automatic interval timer, visual dial type 

thermometer and indicator ‘light. Forced 
\ circulation assures even temperature on 
, ' all shelves. Efficient insulation assures safe 
© st external temperature and economy of op- 
eration. 


Stor Justrument C. 


4570 AUDUBON AVE. ST. LOUIS 10, MO. 


SATISFACTION... 


The satisfaction of your patients is our first and 
last thought when interpreting your prescriptions 
that your professional reputation may 
be safeguarded and enhanced. Every pair of 
glasses that comes from our laboratories is 
fashioned with precision and from first-quality 
materials. For 31 years we have adhered to the 
single standard of producing only the best 
that professional reputations might be protected 
and consumer faith in eye-care skills and services 
increased. 


DOW OPTICAL CO. 


W. E. DOW, Pres 


Chicago, Ill. Bloomington, Ill. 
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ARTIFICIAL EYE 


Eapestence gained through over 100 years of artificial 
eyemaking enables us to produce and fit the very finest in artificial 
eyes. Glass and plastic eyes made to order or available 


from stock. Eyes fitted to all types of motility implants 


artificial Orders filled the same day received 


Eyes sent on memorandum 


eye selection Liberal assortment of either glass or plastic 


Samples accurately matched 


through the mail Superior quality eyes—Finest workmanship 


WRITE FOR FREE COLOR CHART AND SIZE GUIDE 
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THE MUELLER GIANT EYE MAGNET 


An Improved Model 
With Spark-Free, Noiseless Selenium Rectifier 
Explosion-Proof Footswitch Control 


Particularly where industrial injuries are frequent, the 
improved Mueller Giant Eye Magnet is essential equip- 
ment for the modern hospital, clinic, first aid room. The 
most powerful magnet of its type ever built, it is so flex- 
ible, so easily controlled, that it is actually a precise 
instrument capable of the most delicate maneuvering. 
It is adjustable in tilt, direction and height, perfectly 
counterbalanced, tip-proof, will not slip from any set 
position. It is shockproof to both patient TWO MODELS AVAILABLE 
and operator. Equipped with rheostat The Giant Magnet is built with 
power control, sterilizable probe tip. Re- the 
quires no special connections. Rolls on for on TIS vets, 


co C. Write for prices and de 
noiseless casters. And it is not expensive. _jivery information 


Instrument Makers To The Profession Since 1895 


G& 330 SOUTH HONORE STREET 
Mueller CHICAGO 12, ILLINOIS 


WIDESITE 


CORRECTED CURVE LENSES 


WHITE AND TONETEX 


»huron Widesite Corrected Curve Lenses, 


through marginal astigmatic correction, 


offer 


greater visual comfort and efficiency 


for your patient. The corrected curve per 
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lens 


Wide 


intended 


side lenses are of the finest quality 


clear vision from center to edge of 


The patient's eyes see as nature 


them to see 


obtainable. Finish ts free from aberrations, 


with 
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fine surface polish. Free from bubbles, 


and striae. Centering 


and powering 


wrect Thickness is accurately con 
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DIAMOX (ACETAZOLEAMIDE) IN TREATMENT OF GLAUCOMA 


W. MORTON GRANT, M.D 
AND 


ROBERT R. TROTTER, M.D. 
BOSTON 


A OROLLARY of Friedenwald’s concept of bicarbonate secretion in the forma 


tion of aqueous humor is that inhibition of the enzyme carbonic anhydrase 


might be expected to decrease the rate of secretion and lower the intraocular pres 
sure. Thus it was not surprising when the carbonic anhydrase inhibitor Diamox * 
(acetazoleamide ) became available and was found safe for human beings, that 
several investigators should have given it a trial in glaucoma simultaneously and 
independently. Some of these results have been published,’ and many others may be 


expected in the near future. The following is a report of our initial experience.7 
| 


Preliminary trials of Diamox in rabbits produced definite lowering of intraocular 


pressure when 10 to 100 mg. per kilogram was injected intravenously. However, 


no significant effect on intraocular pressure was obtained when a saturated solution 
of Diamox was dropped repeatedly on the cornea or injected subconjunctivally 
CLINICAI 


INVESTIGATION 


Clinical trials, in both normal and glaucomatous patients, were carried out by 
administering the drug orally except in cases in which vomiting accompanied acute 


glaucoma and necessitated intravenous administration. Frequent tonometric and 


occasional tonographic measurements were made, and all eyes were examined gonio 
scopically. In all cases comparison of intraocular pressure before and after admin 
istration of Diamox was the prime interest. Toxic effects were also looked for 
Results in Patients.—The effect of Diamox was investigated in 40 patients, of 
whom & were entirely normal and 32 had various types of glaucoma, involving 50 
eyes. The dosage of Diamox ranged from 125 to 500 mg. given orally every 12 
hours, and in a few cases a single injection of 250 to 500 mg. was given intravenously 
Without regard to the type of glaucoma, the general effect of Diamox on the 


intraocular pressure is summarized in the Chart for the 53 eyes in which the effect 


From the Howe Laboratory of Ophthalmology, Harvard Medical School, and Massachusetts 


and Ear Infirmary 
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investigation was supported by Research Grant 1-218 from the Institute of Neurological 


Iness of the National Institutes of Health, United States Public Health Service 
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f acetazoleamide) was supplied gratis by Lederle Laboratories for the 


investigations, through the interest of Dr. James Gallagher 
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could be most clearly attributed to the action of the drug. In this Chart the data 
have been lined up graphically with the top of each solid line, indicating the height 
of the intraocular pressure before administration of Diamox, and the lower end of 
the line, showing in each instance to what level the pressure dropped. Each of the 
eight short lines at the right hand of the Chart represents a pair of normal eyes, 
but all other lines represent single glaucomatous eyes. It appears from this graph 
that the effect of Diamox is somewhat in proportion to the initial pressure, and that 
commonly the pressure is lowered by about a third. However, a number of excep- 
tions to this generalization are obvious 

Vormal I-yes.—Diamox at the dose employed clinically had little effect on 
normal human eyes. In these eyes the tensions were all less than 20 mm. (electronic 


Schigtz) without treatment, and no change in tension was found in eight of the 


eyes and only a 1 to 2 mm. decrease in the other eight when Diamox was admin 


DIAMOX 


The series of vertical lines represents the decreases of tension (in millimeters, Electroni 
Schigtz) which were produced by Diamox in a series of patients’ eyes. The top of the line 


indicates the tension before, and the bottom of the line the tension after, medication im each case 


istered orally at the rate of 250 mg. twice a day for one to five days. This response 
was only slightly less than that produced by Diamox in glaucomatous eyes which 
were at comparable initial pressures under the influence of standard miotic drugs. 
The same dose of Diamox produced only a 3 mm. decrease in four out of five of 
these eyes. (The dose employed in these clinical observations was smaller on a 


body weight basis than that which effectively lowered the pressure in normal rabbit 


Acute Angle-Closure (Narrow-Angle) Glaucoma.—lIn the two cases of this type 
Diamox produced a larger effect than in other conditions. (Subsequent experiences 
have been similar.) In one case the tension was 83 mm, despite intensive treatment 
with standard miotic drugs, and gonioscopy showed the angle to be completely closed 
\dministration of pilocarpine was continued, and intravenous injection of 500 mg 
of Diamox in 10 ml. of water was given. The tension was lowered to 77 mm. in 
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30 minutes, to 63 mm. in 90 minutes, and to 37 mm. in 4 hours after injection, but 
at 7 hours the tension was again rising. After additienal administration of 500 mg. 
of Diamox by mouth the tension dropped to 23 mm. in six hours, and by repetition 
of the medication it was kept there until operation the next day. When the tension 
was lowered by Diamox, gonioscopy showed the angle to have opened in half the 
circumference. In the second case the tension was only 55 mm. but could be lowered 
no further with miotics; the pupil was semidilated and unresponsive, and the angle 
was seen to be closed. After 250 mg. of Diamox was given intravenously, and then 
orally every six hours, the tension was reduced to 22 mm. in 18 hours; the pupil 
became constricted and the angle opened, although it was very narrow. Iridectomy 
was performed without appreciable delay in re-formation of the anterior chamber 
in either case. The extent of pressure reduction by Diamox in reversible angle 
closure glaucoma may be explained by a dual effect in this condition. At the high 
initial pressure the iris sphincter is probably paralyzed, as described by Tyner and 
Scheie,* but with some lowering of the pressure by Diamox the sphincter regains 
its responsiveness and aids in withdrawing the iris from contact with the filtration 
meshwork in the angle. On this basis, it appears advisable to continue administra 
tion of miotic drugs while giving Diamox, as was done in the cases described here. 

Open-Angle (Wide-Angle or Chronic Simple) Glaucoma.—Of 23 eyes with the 
primary condition and & eyes with glaucoma secondary to capsular exfoliation and 
pigment accumulation in the filtration meshwork, a beneficial effect was obtained 
from Diamox in all but 1. In most patients on a dose of 250 mg. orally every 12 
hours the tension was lowered by about a third. In a few cases 250 mg. was 
required three to four times a day to obtain the same etfect. No local treatment 
was applied to several of the eyes, but the majority were maintained on constant 
standard topical medication before and during the trial of Diamox. It appeared 
from comparison of these eyes that the pressure-lowering effect of Diamox was 
essentially independent of and additive to the effects of the standard miotic drugs 
and epinephrine. No interference was observed. In 18 of the eyes with open-angle 
glaucoma which had been inadequately controlled by standard topical medications 
the pressure was lowered to the normal range by supplementary treatment with 
Diamox. The ultimate duration of this improved control has not be established, 
but most eyes were doing well after four weeks, and six were satisfactorily con 
trolled at 9 to 11 weeks. No difference in effectiveness of Diamox was found in 
eyes which were aphakic. 

Acute Glaucoma Secondary to Iridocychtis.-lLowering of the pressure was 
obtained in two cases of this type by means of oral Diamox therapy when standard 
local treatment was inadequate. The iridocyclitis subsided during 


treatment in 
both cases 


Glaucoma Due to Extensive Peripheral Anterior Synechias In this condition, 
resulting from previous attacks of uveitis, from angle-closure (narrow-angle) glau 
coma, or from flat chamber complicating intraocular operation, the results of treat 
ment with Diamox have been relatively poor. In 11 eyes with extensive peripheral 
anterior synechias in which control of tension with standard topical medications was 
inadequate, addition of oral Diamox therapy did not normalize the tensions. Only 
partial relief was gained with Diamox in doses which would be feasible for constant 
administration 
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Side-l: fhects Some side-effects from the administration of Diamox have been 
noticed in most cases but have not been serious. No ocular side-ettects or toxte 
manifestations have yet been noted. The systemic side-effects are the same as have 
heen reported in other studies. These systemic side-effects impose some limitations 
on the usefulness of Diamox, particularly for prolonged administration, Although we 
have observed no unpleasant reactions from initial doses of 500 mg. given either 

ally or intravenously, almost all our patients who have received 250 mg. two to 
four times a day for several days have been discomforted by “pins and needles” 
paresthesias, particularly in the face, hands, or feet. This dose and frequency ot 
idministration are both greater than are recommended in treatment of generalized 
edema from cardiac decompensation. Such frequent administration makes no allow 
ance for a diurnal acid-base balance “recovery” period. Occasional trials of cessation 
of treatment for “recovery” have revealed no benefit to the management of glaucoma 
In fact, for adequate effect in glaucoma it has usually been found necessary to employ 
Diamox to about the extent to which the patient can tolerate its side-effects. Oral 
admumstration at 12-hour intervals has provided satisfactory control of pressure in 
most cases, but less frequent use has not. Administration at six-hour intervals may 
have some advantage. When Diamox has been discontinued, all side-etfects have 
disappeared within a day, suggesting that they represent functional rather than 
organic disturbances 

Phe mode of action of Diamox in lowering the intraocular pressure is not estab 
lished, but tonographic measurements have indicated that, with the exception of 
the cases of reversible angle-closure glaucoma, the pressure is usually reduced 
without commensurate improvement in facility of aqueous outflow. This is taken 
to indicate that the pressure in these cases has been reduced by a decrease in rate 
of formation of aqueous humor. Clinical evidence also supports this interpretation 
in cases of glaucoma from complete closure of the angle, in which Diamox may pro 
duce a considerable lowering of the pressure. Fortunately, the decrease in rate ol 
aqueous production in patients has not been enough to delay re-formation of the 
anterior chamber in the few instances in which iridectomy has been performed 
while the drug was being administered 


SUMMARY 

Diamox, a carbonic anhydrase inhibitor (acetazoleamide ), is a safe and helpful 
drug in the treatment of certain types of glaucoma 

Its value seems most definite as a supplement to the standard miotic drugs in 


the relief of acute angle-closure glaucoma. Administered orally or intravenously, 


Diamox ts effective in lowering the intraocular pressure so that the pupil may con 


strict to open the angle and prepare the eye for iridectomy 

In attacks of glaucoma secondary to iridocyclitis Diamox also appears be 
helpful as a supplement to the standard local medications 

In long-term treatment of chronic open-angle glaucoma, Diamox is still in a 


by about one 


trial period. In most cases an initial lowering of intraocular pressure b 
third is produced by administering 250 mg. of this drug two to four times a day 
In some cases this effect has been maintained tor only a week or two, while in 
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RELATION OF TONOGRAPHY TO PHASIC VARIATIONS 
OF INTRAOCULAR PRESSURE 


ANDREW de ROETTH Jr, M.D 
NEW YORK 


? | STIEeRIe ARI many reports in the literature concerning the spontaneous diurnal 


changes in the intraocular pressure of both normal and glaucomatous eyes. In 

the last few years the most notable studies on this subject took place at the Institute 
of Ophthalmology in London * and were reviewed in an excellent paper by Sir 
tewart Duke-IIder The workers here studied both the chronic simple and the 
congestive type ol glaucomatous eyes and noted marked variations in the intraocular 
pressure over 24-hour periods. Since their studies appeared, Grant ¢ has published 
the results of his work on aqueous humor dynamics, by a method which is commonly 
known as the aqueous outflow test, or tonography. Since the cause of the spon 
taneous changes in the intraocular pressure is not well understood, it was thought 
that a correlation of Grant’s + aqueous outflow test with the diurnal intraocular 
pressure changes might shed some light on the mechanics of the aqueous humor 
dynamics. Therefore, in an attempt at further understanding of the mechanism of 


primary glaucoma, the following study was undertaken 


MATERIALS AND METIIOD 


The majority of the patients for the present study were taken from the Glaucoma Clinic of the 
Institute of Ophthalmology in London; som i them were from the Glaucoma Clinic of 
the Institute of Ophthalmology of the Presbyterian Hospital in New York. For the purpose of the 
present discussion chronic simple, or wide-angle, glaucoma is defined as disease consisting 


i raised intraocular pressure with field changes and cupping of the optic disc; the anterior 


} 


chamber angle is open at all times, even during the increase in the intraocular pressure. Con 


1 


gestive r narrow-angle, glaucoma is characterized by a narrow chamber angle, full peripheral 
ind central fields of vision, and absence of cupping of the optic dise in the early stages of the 
disease, together with a closure of the angle when the intraocular pressure rises. The spontan 
changes in the intraocular pressure during the course of the day are usually measured ove 
24-hour period, thus requiring hospitalization of the patient; the intraocular pre 


his procedure appeared to b 


every two or three hours. However, with tonography t 
for several reasons. In the first place, it would have been ill ised to subj 
tonography every two or three hours over a course of 24 hours because ¢ ssible dam: 
the corneal epithelium. Therefore, it was arbitrarily decided to do four e aqueous 
n each eye during the course | the first test being performed between 9:00 and 


(K) in the morning, the second tes about noon, the third test after lunch, the fourth 


Chis study was supported by the Sloan Glaucoma Fund 
Glaucoma Clinic, Institute of Ophthalmology lon, Director of Research, Sit 


Stewart Duke-Flder; and from the Institute of Ophthalmology the Presbyterian Hospital, 
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test about 4: 00 in the afternoon, and, if necessary, the fifth, 


the afternoon. It was considered that four or five tonographic tests over a single day would prob 


ably not damage the corne al epithelium 


ind final, test about 5: 30 or 6: 00 in 


Several of these eyes were stained at the end of the day. 
but none of them showed defects in the corneal epithelium. Nevertheless, 1 


nany patients com 
plained at the end of the day of mild discomfort in the eye, and it 


was considered that four or five 
tonographic tests was probably about the limit that the patient would tolerate in the 
single day. Also, with the procedure outlined above, the 


nated, thereby 


course ota 
necessity tor hospitalization was elimi 
wing the patients to be treated on an ambulatory basis 
hour period during the course of the 


Even over this eight 
working hours of the day, significant changes were obtained, 
and therefore the full 24-hour measurements were not considered necessary 


Phe tension was taken with the electronic tonometer,t and the aqueous outflow test was 


ut according to the method of Grant, employing the four-minute I 
test. A word of caution should be expressed at this 


, or so-called abbreviated, 
point concerning the limit of accuracy of 
tonography. Friedenwald, in a di 


scussion of Grant's paper, was the first to point out the large 


variation of the results with this new test from one eye to the next, due to differences in scleral 


rigidity, corneal curvatures, etc. This applies both to the facility of aqueous outflow and to the 


total rate of flow. Therefore, one should not attach undue importance to the absolute values 


ibtained by this test when comparing one eye with another or when 


comparing the readings 
with the previously established normal values 


When t nography is repeated at intervals on the 
same eye, however, the relative values obtained in this manner are not seriously affected by 
the above-mentioned factors, and thus the test will reveal changes in aqueous humor dynamics 
For the purposes of the present investigation, these relative values obtained by repeate 


d tonogra 
phy on the same eye will be considered primarily. 


ach of these patients had a well-documented history in the Glaucoma Clinic and were 
followed anywhere from two months to five years. Most of them had primary glaucoma, but a 
few normal subjects were included in this series for reasons of comparison. Their examination 
included visual fields 


gomoscopy, and provocative tests, besides the carefully noted history and 

physical examination of the eye 
Che patients for the water-drinking test? were chosen from a group with chronic simple, 
wide-angle glaucoma who had not been operated on and who had had positive water-drinking 


tests in the past, thus assuring a considerable rise in intraocular pressure tollowing the test, 
which was desired for the purposes of the present examination. The water-drinking test was 
performed in the morning on a fasting stomach, the patient being allowed no breakfast, only a 
cup of tea early on arising. Before the water-drinking test was performed, the intraocular 
pressure was measured several times prior to the test in order to rule out a rising or descending 
phase of the intraocular pressure. If, preceding the test, there were marked changes in the 
intraocular pressure, the test was postponed. By this means the possible effect of a sudden rising 
lescending phase of intraocular pressure on the outcome of the water-drinking test 


sidered to be eliminated, One liter of 


or ¢ Was Con 
water was then drunk by the patients within a four-minute 


period, Tonography was performed preceding and 30 minutes after the ingestion of water. Thi 


routine was established arbitrarily, since the height of the elevation of the intraocular pressure 


occurs approximately 30 minutes after drinking the water. Repetition of the tonography more 
frequently would be inadvisable because of the time required for recovery following each aqueou 


onography showed that the aqueous outflow test has a pressure 


lowering effect on the fellow eye in most instance For example, if the intraocular pressure i 
measured in the lett eye before and immediately after doing the aqueous outflow test on the 
right eye, a small, but appreciable, drop in the intraocular pre in be measured in the left 
eye Thus, performing the test immediately on the second eye a on as one is finished witl 


the first eye might not yield the correct information. Therefore, to prevent this pressure-lowering 
effect trom intertering with tl 


e test, four or five minute vas allowed to elapse between the 
tonographic test n the two eye This pre l 


irc-lowering ettect nthe lellow eve wa notices 


Her and Company, Chicago 


t Manufactured by 


§ Knighton, W. S Personal mmunication to the autl 


Blaxter 


Personal communication to the author 


outflow test 

Previous experience with 

also by Knighton § and Blaxter,|| but its cause is unknown : 

74) 
\ 


Millimeters Hg (Schiotz 


per Millimeter Hg Pressure 


| 


(Fil / OPHTHALMOLOGS) 
| 4,0 | | | e 
| | 
30 | 
Chart 1 Diurnal variate in intraocular pressure in 40 eye vith chrom imple, wide 
atvle glaucoma that had not been operated on and had had no medication for 36 hours preceding 
the test vertical line represent the highest and. the owest tensor recorded during one 
lay i in individual cye 
3 
= 
4 
| 
: | 
= 0.12 
| 
| 
2 
3 
0,09 
| 
= 
3 
Oo 0.06 
3 
° 
3 
< | 
293 
° 
4 
< , 
j 
° 
Chart 2 Liurnal variation in the tacality aqueous ithow in 40 eve vit chron mipic 
wide-angle glaucoma that had 1 t been operated on a | ha ad no medication tor J ours pre 
} ! ] } eH 
ceding the test kach vertica ine represent the highest ar i 
measurement recorded during one day in an individual ey 
742 


RES| 


Vormal Eyes 


\ few control experiments were performed on normal eyes, and 


lay there were only minor 


It soon became apparent that during the course of the 


variations in the intraocular pressure and that the aqueous outtlow remained approxi 


mately the same, staying well within the normal range 


Chronic Simple, or Wide-Angle, Glaucoma.—Forty eves of this type that had 
had no previous operation and that had had n 


0 medication for at least 36 hours 


preceding the test were studied. ( hart 1 shows the change sin the tension that took 


place in the eves over the course of the day. demonstrating a considerable variation 


of the intraocular pressure. As a rule, most of these eves showed a double-variation 


type of curve; that 1s, the intraocular pressure was highest in the morning hours, had 


ariations in Facility of / 


v* and im Intraocular Pressure iy 
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rs per minute per millimeter He press 


2 l’artations in Facility 


Iqueous Outflow * and in Intraocular Pressurs 
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lall after lunch, and rose again around 4 p.m. This finding sub 
stantiates the results of Langley. Chart 2 shows the variation in the facility of 


mqueous Outflow in these same eyes during the course of the day , demonstrating that 
the facility of aqueous outflow, as measured by tonogray 


Intraocular pressure showed marked 
lable a il case I} 


hy, did not change consider 
ably, while at the same time the variation 
patient had early chroni glaucoma 
that had not beet operated o1 and that had had no medication tor 48 hour 


prior to 
this examination The facility of 


iqueous outflow changed only to 


t minimal extent 
(the variation being within the limits 


of the experimental error of the test itself ) 
during the course of the day, while simultaneously the Intraocular pressure dropped 
considerably. Table 2 demonstrates another typical case of chroni imple glaucoma 
Llowe ver, in this case the eve w is ina late stave with deep Cupping and marked 
field loss, and the base pressure vas considerably elevated This « Iso d 


aemon 


strated spontaneous 


diurnal changes in intraocular pressure. while at the same time 
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the facility of the aqueous outflow again remained almost stationary. The total rate 
of flow of aqueous was also calculated for each tonographic test, but the results thus 
obtained were variable and did not contribute a great deal toward the outcome of the 
experiment ; therefore, the values for the total rate of flow are not reported in this 
part of the study. In the water-drinking experiment, on the other hand, as will be 
shown below, the calculated values for the total rate of flow are included in the 
results because there they seemed significant and contributed to a better understand 
ing of the problem 

The experiment was also performed on 15 eyes with chronic simple glaucoma 
that had had some sort of antiglaucoma operation in the past or were receiving 
medication. ‘Table 3 illustrates a typical case. It shows the results obtained on a 
patient whose right eye was controlled with miotic medication and whose left eye 
had had a corneoscleral trephination several years prior to this examination. In both 
eyes the intraocular pressure stayed approximately within normal limits during the 
course of the day, and the facility of aqueous outflow showed some variation in the 


normal range. However, while the variation in the intraocular pressure was only 


Pantie 3.—Diurnal Variations in Facility of Aqueous Outflow * and in Intraocular Pressure of a 
Patient's ky 


with Chrome Simple, Wide-Angle Glaucomat 


1.0.P 
Time ‘ Mm. He ‘ Min. He 
10:00 @ 

12 N 


100 p.m 0 


* « indleates cuble millimeters per minute per millimeter He pressure 
' The right eye was not operated on and received 1 physostigmine salicylate three times a day The 
left eye had had a corneoscleral trephination fve years ago, draining a eonjunectival bleb at 12 o'clock; 


toedleatior 


minimal in these eyes, the facility of aqueous outflow did vary somewhat more than 
is usually found ina normal eye, but always within the normal range. This observa 
tion was particularly noticeable in the eye under miotic medication, the eye being 


treated with 0.25% physostigmine salicylate three times a « 


iy. The apparent changes 
in the facility of aqueous outflow in this eye might have been due to the uneven 
distribution of the medication during the day, since it is known that miotics will con 
siderably improve the facility of aqueous outflow in eyes with this type of glaucoma 

Water-Drinking Test.—Charts 3 and 4 show the effect of the water-drinking 
test on the intraocular pressure and on the facility of aqueous outflow in 22 eyes 
with chronic simple, wide-angle glaucoma that had not been operated on and that 
were without miotics for at least 36 hours prior to examination. These eyes all 
howed a positive water-drinking test, the pressure increasing considerably after the 
ingestion of | liter of water. Tlowever, at the same time, the facility of 


aqueous 
outflow as measured by tonography changed only minimally. Tables 4 and 5 illus 
trate two typical cases Table 4 shows a patient with early chron simple 
glaucoma, minimal field defect, and small cupping of the optic dises. The intraocular 


pressure was within normal range at the beginning of the examination, but it rose 


to a maximum of 40 mm. Hlg; at the same time, however, the facility of 
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the same \ ubsequent dre pot the intraocular 
lowed in the next few hours, but the facility of aqueous outflow 
cilably. The rate nqueous outflow, however, did show changes 

ariations in intraocular pressure; it increased as the intra 

and it dropped back to the pretest level as the intraocular 
to fall. Concerning the mechanism of the water-drinking test, 
ers in this field believe that the sudden hemodilution caused by 
ers the osmotic pressure of the blood, thus enhancing the ditte 


yressures of the blood and of the aqueous humor. This, in turn 


vould tend to pull more water from the blood into the aqueous thus increasing 


erimnent 


temporarily the rate of flow of aqueous humor in the anterior chamber The present 


demonstrate that in eve with untreated chron simple glau ma the 


water-drinking test did increase the rate of flow of aqueous in the anterior chamber 


tonography tends to substantiate the current belief concerning the mechanism 
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glaucoma. | 
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water-drinking test. Table 5 demonstrates another case of chronic simple 


atient, however, the disease was far advanced, and the intra 


ita much higher level. In this eve, also, we can note the typica 
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correspondingly, there was also a decrease in the facility of aqueous outflow ; toward 
the end of the day there was a spontaneous drop in the intraocular pressure, and 
simultaneously the facility of aqueous outflow improved. Table 7 demonstrates a 


TaBLe 5.—Effect of Water-Drinking Test* on Facility of Aqueous Outflow,t on Total Rate of 
Flow, and on Intraocular Pressure in an Eye (Left) with Far-Advanced, Chron 
Simple, Wide-Angle Glaucoma That Had No Medication for Thirty-Six 
Test 
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* One liter of water given on a fasting stomach 
+ © indicates cubie millimeters per minute per millimeter Hg pressure 


Paste 6.—Diurnal Changes in Facility of Aqueous Outflow * and in Intraocular Pressure m an 


Eye (Right) with Congestive, Narrow-Angle Glaucoma Untreated 
Vedically 


Suraqically or 


* © indicates cubic millimeters per minute per millimeter Hg pressure 


Paste 7.—Diurnal Changes in Facility of Aqueous Outflow and in Intraocular Pressure im 


Eye (Right) with Congestive, Narrow-Angle Glaucoma Which Had Not Been 
Operated On and Had Had No Medication for Thirty-Six Hours 
Prior to the Test 
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o* Min. He 
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0.08 63 


Physostigmine, 1%, instilled 


er minute per millimeter Hg pressure 


+t Because of the sudden rise in tension in the afternoon, 1 drop of 


* © indicates cubie millimeters p 
t % physostigmine salicylate was instilled 
in the eye at 4p. m 


similar eye with congestive glaucoma which started out in the morning with normal 
intraocular pressure, but early in the afternoon suffered a sudden, spontaneous, 
marked increase in the intraocular pressure, which was reflected in the sudden 
decrease in the facility of aqueous outflow. Because of this sudden rise in intraocular 


pressure and the congestive symptoms noticed by the patient-—-mainly halos and 
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pain— 1% physostigmine was then instilled in the eye; an hour later the intraocular 
ressure was in the normal range and at the same time the facility of aqueous outflow 
| 

was much improved and well up toward the normal level. Gonioscopic observa 


tions © carried out on these patients showed a tendency to an; 


gle closure correspond 
ing to the spontaneous rises in intraocula! pressure and an opening up of the angle 
when the intraocular pressure dropped, eithes spontaneously or under the influence 
of the miotic. Such correlation of the appearance of the anterior chamber angle with 
the intraocular pressure and the facility of aqueous outflow was previously demon 


trated and empha ized by (srant 


The most significant observation in this. study the fact that in the chroni 
simple, wide-angle type of glaucoma when the eye is not under miotic medication, 
the spontaneous diurnal or artificially induced ( water-drinking test) changes in the 
intraocular pressure are not followed by similar changes in the facility of aqueous 
outflow as measured by tonography. This appears to be true in the very early stages 
of this disease, with only low or minimal rises in the intraocular pressure, and it also 

to be the case with far-advanced chronic simple glaucoma, when the intra 
ocular pressure is markedly elevated, the fields show severe defects, and the opti 
nerve 1s deeply cupped. Thus it seems that the facility of aqueous outflow, which is 
a measure of the resistance that exists in the eye to the outflow of aqueous, is a 
relatively constant factor in chronic simple glaucoma; at least, it does not seem to 
how diurnal changes. On the other hand, it probably becomes slowly, gradually 
poorer as the disease advances, since previous reports on tonography# demonstrated 
that as a rule eyes with higher intraocular pressure and more advanced disease also 
had a correspondingly lower facility of aqueous outflow. This lack of diurnal changes 
in the facility of aqueous outflow would tend to speak against a functional, or neuro 
vascular, mechanism as the causative or controlling factor in the drainage of the 
aqueous humor. On the other hand, its slowly progressive, gradually changing 
nature would favor organic causes. Thus it seems possible that one of the character 
istics of chronic simple, wide-angle glaucoma, namely, the persistent increased resis 
tance to the aqueous outflow, might be of an organic, or mechanical, nature 

The present study reemphasizes the practical usefulness of early morning tono 
metry, and also of tonography, in the diagnosis of chronic simple glaucoma. In 
several of the early cases of this disease intraocular pressures were in the normal or 
near-normal range at noon or in the afternoon, while the morning tensions were 
elevated. The tonographic readings, on the other hand, were in the glaucomatous 


range both in the morning, when the intraocular pressure was elevated, and also in 


the afternoon, when it was within normal limits. Thus tonography can be helpful in 


the diagnosis of these cases not only when the intraocular pressure is elevated, but 
even when it is in the normal range. [lowever, there were a few exceptions to this 
rule; some of these cases of untreated chronic simple glaucoma showed normal 
tonographic readings, the facility of aqueous outflow being in the borderline or low 
normal range. This observation substantiates the previous findings of de Roetth and 
Knighton * and of Kronfeld,” who reported some overlap of the normal and the 


glaucomatous levels. This fact does not detract from the importance and clinical 


© Mr. Redmond Smith, F.R-C.S., helped in the scopl xaminatior 
| 


# Keterences 4 through 6 and & through 10 


748 


COMMENT 
|| 
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significance of tonography ; it merely implies that equivocal values can occasionally 
be obtained with this new test and that, therefore, the results should be considered 
together with the rest of the evidence at hand It should’ complement, but not 
exclude, the other clinical methods in the diagnosis of early cases of chronic simple, 
wide-angle glaucoma. The results with the water-drinking test are of interest because 
they aid in the understanding of the mechanics of this test and, with a new approach, 
substantiate the work of previous investigators 


MMARY 


Ikyes with chronic simple, wide-angle glaucoma that had not been operated on 
or treated and that had exhibited spontaneous or artificially induced diurnal vari 
ations in intraocular pressure did not show corresponding changes in the facility ot 
aqueous outflow as measured by tonography. In eyes with congestive, narrow-angle 
glaucoma, on the other hand, the facility of aqueous outflow was related to the diurnal 
changes in intraocular pressure. The tonographic measurements in conjunction with 
the water-drinking test indicated that the intake of large quantities of water resulted 
in an increased flow of fluid into the anterior chamber, thus causing an increase in 
the rate of aqueous outflow. The clinical importance of tonography in the diagnosis 
of early cases of chronic simple, wide-angle glaucoma is demonstrated 


165th St 


Sir Stewart Duke-Elder gave helpful advice in my work 
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Treatment of Trachoma 


2. Cicatrices Summary 
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INTRODUCTION 


‘| SRACHOMA is a mild, insidious disease, frequently self-limiting, not espe 


cially infectious, comparatively harmless, the causative organism of which we 
accept today as a filterable virus, not yet isolated, but believed to be specific for 
conjunctival and corneal epithelium 

There are only two types of trachoma. The first is true, simple trachoma, as 
defined by the preceding statement. The second is infected trachoma, the result of 
an addition to the trachoma virus of one or a variety of secondary organisms. These 
two types are distinctly different one from the other in every pathological and 
clinical aspect. The failure to differentiate these two types, or the indifference 
toward their recognition, resulted in the mass of confusion in the literature on 
trachoma of the past 100 years. Writers have not yet come to an agreement 
on what they are talking about when they say trachoma, 

It is the purpose of this article to revaluate the old textbook point of view on 
trachoma and to form a new, practical concept of the trachoma problem as a whole 
It is based on years of personal observation in endemic areas in China, where 


trachoma constitutes about 50% of all eve cases that come to our free clinics. 


SIMPLE TRACHOMA 


lo understand trachoma, it is necessary to study first true, simple trachoma 
It is the fundamental question of etiology, pathology, and clinical progression ot 


imple trachoma, not yet fully understood, that makes the whole trachoma problem 
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so baffling. Lindner (1938) said: ‘To know trachoma one must have examined 


treated, and followed up thousands of cases.” Perhaps it would be truer if the word 


“simple” were added before the word “cases.” 

Pathology.—The primary and only reaction of the conjunctival tissue to the 
trachoma virus is a chronic hyperplasia of the lymphatic apparatus, resulting in the 
formation of follicular lymphomata.* It is not an inflammation; therefore, simple 
trachoma is not a conjunctivitis. There is no acute phase, and the time and mode 
of onset are still a subject for research. A carrier state is possible. If there is no 
other organism coming in to produce a new and different reaction, the conjunctiva 
and the trachoma virus may live on for decades in perfect balance, without any 
perceptible pathological changes being shown in the host tissue. A sort of equi 
librium is established. If it happens that the virus is more favored by changes of 
certain factors in the relationship, folliculomata will make their appearance. Then, 
again, if the conjunctiva is able to increase its resistance to equal the virus, these 
lesions will disappear entirely, or leave behind some signs of the conflict, in the 
form of fine scarring 


All this can take place without any sign or symptom, and a person may live and 
die with trachoma without at any time being aware of its presence, or without its 
ever being discovered. The ophthalmologist can appreciate the difficulty of diag 
nosis in such a disease, in which signs and symptoms can run the whole gamut ot 
the spectrum, from no detectability through stages of visibility to the slit lamp only, 
then to the loupe, and, finally, to the naked eye 


Criterta of Diagnosis Though a lymph follicle is the primary lesion of tra 
choma, cicatrization and pannus formation make their appearance almost simul 
taneously with the appearance of lymphomata. As long as the diagnosis of trachoma 
remains based essentially on clinical signs, this triad may be taken to form the 
criteria of diagnosis. 


To be able to call a case one of trachoma, at least two out of the three triad 
signs must be present. These are, namely, (1) lymphomata, or follicles, 30% ; (2) 
cicatrices, 30%, and (3) pannus, 40%. 

The percentages are arbitrarily put down to indicate the certainty of the diag 
nosis. There must be at least 60% certainty to make the diagnosis stand. Any single 
finding alone is not trachoma. All three make trachoma with 1lOO% certainty, and 
any two together can pass on trachoma with a certainty of 60% or 7O%. Vannus 1 
given a 40% value because it is considered that much more pathognomonic ot 
trachoma. Trachoma can exist without pannus, but the diagnosis becomes doubt 
ful indeed 


Methods of Examining for the Triad 1. Lymphomata, or follicles, are found 
early in the upper retrotarsal fold. It is most important in looking for trachoma 
follicles to “pop out” the fornix by asking the patient to look down and pressing 
upward on the eyeball until the entire retrotarsal conjunctiva shows under a strong 
light. With tight lids, a suitable lid evertor must be used, preferably with the patient 
lying down. The lid conjunctiva is normal at this stage, and if this procedure of 
showing up the fornix is not properly carried out, the first sign of trachoma will 
be missed 


lrachoma follicles are simple aggregations of lymph cells withou exudation. 
| 


I he re deeply imbedded, large, and devoid of sharp outlines. Owing to necrotic 


which nodules are diserete, raised, trai 


nt, hard, and ult to expre is difference 1s o1 clinical r hist 


more conspicuou and well-arranged 


brings another early on of trachoma, namely, 


Wlurrine of the fine vessels in the fornix due to the conjunctiva of the retrotarsal 


old becoming thickened and losing its transparency. This blurring of the fornip 


underneat y it sometimes becomes the onl on showing 


Chis blurring of the fornix vessels must not be mistaken tor papillary hypet 


tropl Papillae are formed by the conjunctival epithelium being thrown into minute 


olds, causing the upper pali ade of vessels of the lid to become blurred and present 


i velvety or granular appearance, which by this time may he noted in the lid 


conjunctiva bevond the retrotarsal fold. These are due to chronic irritation in 
inflammatory reaction o when we see papillar hypertrophy, econdary organ 


ist have i ready come nm to change Wi} le trachon a into infected trac homa 


2. Cieatrices are fine white star-shaped or linear scars in the retrotarsal fold 
following immediately the appearance of follicles \s the follicles break down 1n 
necrosis, healing takes place by scarring, which 1s so delicate that 1t may, in turn, 
hecome absorbed and disappear. In simple trachoma there 1s a_ proce of new 


ollicle formation, necrosis, scarring, and absorption continuously gomg on Total 
disappearance ot the follicles and cicatrices can occur when the virus loses its 


foothold in the equilibrium, provided there has been no secondary bacterial invasion 


Cure of simple trachoma takes place thus by complete disappearance ot all signs, 


and the conjyunetiva ot the fornix reverts to a perfectly normal one kKelapse ot 


trachoma 1s lkewa1se heralded in by the reappearance of follicles and cicatrices 


lrachoma cicatrices are therefore nonpermanent, nor do they appear at the same 
pot all the time 

I’xamination for cicatrices also requires the full exposure ol the fornix to good 
lieht. We must differentiate this delicate scarring of simple trachoma, caused by 
. virus. from the thick coarse searring of the lid caused by an inflammatory reac 


tion, The classic boat-shaped tarsus 1s found only after prolonged secondary infec 


tion, Simple trachoma never produces heavy scars which lead to deformity 


§ Pannus is a thin film composed ot lymphocytes and new-formed vessels 
between the corneal epithelium and Bowman’s membrane, chiefly located at the 


upper clear cornea just hevond the limbus. The corneal epithelium, being a con 


tinuous laver of cells from the bulbar conjunctiva, is the primary site of invasion 


Bowman's membrane and the cornea proper are secondarily attacked only latet 


\s to why the location of the upper cornea 1s specifi illv chosen there 1s so tar no 


itistactory expla itn It is not entirels due t mecha ical irritation f the lids 


| 
IRCHIVES OPHTH fOLOG) 
chanye within, the follicles are typically soit and gelatinous, making them easily 
expr with forcep 
Contrast this with the nontrachomatous follicle uch as those of inclusion 
cally all follicles appear the same, The 
; collic le the | likely the are to be trachoma 
often hides the 
in the fornim 
by 
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Phe pathology of pannus formation is analogous to and simultaneous with what 
takes place in the fornix. The primary lesion here is likewise the microscopi 
lymphoma, which is followed by scarring and absorption. A similar equilibrium ts 


also established here between host tissue and the virus. In the absence of any 


upset this equilibrium, the lesion would stay limited to the 


corneal epithelium. Any destruction of Bowman’s membrane or the cornea proper 


would indicate that an inflammatory process has also come in to take part, and the 


picture becomes a combination of pannus and keratiti 


Vew-formed vessels, though an integral part of pannus, are not specific to 


trachoma. Any irritation of tissue will call forth an increase of blood supply. In 
the fornix, already rich in vessels, hyperemia is accomplished by vasodilatation 


In the avaseular cornea it is by vascularization. s the trachoma virus 1s a mild 


organism, the irritation is mild, and the reaction 1s therefore minimal 


ome experience to observe the pannus of simple trachoma. Good 
focal lighting and a loupe are always necessat Phe slit lamp must be used as a 


final arbiter in doubttul cases. When a pannus 1s visible to the naked eve of the 


observe r, the trachoma is no longet sunple but has gone into the infected catevory 


Che earliest observable sign of trachoma pannus appears as a very fine stippling 


or as a diffuse haze at the upper crescent of clear cornea just below the limbus. It 


corresponds to the stage of Ilvmphoma formation and searring in the fornix. Vas 
cularization of this area immediately follows in the form of tiny vessels coming 


down from the plexus circularis that normally forms around the limbus. Thess 


appear through the loupe as parallel, straight, delicate twigs of unequal lengths, som 
terminating in grayish dots in the film of haze. With the slit lamp they are best 


seen by the beam of light reflected from the iris surface. The vessels appear black 


or dark-red silhouetted against the illuminated background. Some terminate in tiny 


loops, and roulettes of blood corpuscles can be seen coursing through them in single 


tile 


observer must be careful to ditferentiate what is normal limbus from what 
is pannus, as the demarcation is not always a sharp one. In Chinese eyes, the limbus 
is especially broad, coming down sometimes over one-fifth of the cornea and ending 
ina jagged line. The normal terminal capillary network, together with the trans 
lucent, grayish striae of the scleral spur, can confuse one not used to examining 


these eves. In light-colored eves this difficulty in observation hardly exists 


One type of vascularization is particularly misleading—the eczematous pannus 


Phis appears all around the limbus more or less equally. In case of doubt, one must 
always compare the vessels at the lower limbus with the upper portion under the 
slit lamp. The presence of vessels below, especially if they are more numerous than 


above, shows that the pannus is probably not trachomatou 


INFECTED TRACHOMA 


Infected trachoma must be distinguished from simple trachoma as an entirely 
separate entity. It is the trachoma described in the textbooks. It is the trachoma we 
see every da It is the trachoma the majority of authors meant when they wrote 


anything al 


wout it MlacCallan’s (1908) four-stage classification could apply to 


infected trachoma on! 
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A great number of organisms can live together and flourish with the trachoma 


virus to produce various degrees of damage to the host tissue 


mine the virulence 


Many factors deter- 


In mild cases the picture of infected trachoma will be borderline 


to that of simple trachoma, and one can hardly tell when simple trachoma ends and 


Differential Diagnosis of Folliculosis, Simple Trachoma, Infected Trachoma, and 


Etlology 


Pathology 
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be isolated for study It really matters not which 1s the first to take occupancy of 


the conjunctival tissue and which is the secondary invader. The final clinical pie 
ture is the same 

It is possible to change infected trachoma into simple trachoma simply by taking 
away the infection, provided no permanent damage has yet been done. By the use 
of antibiotics or sulfonamide drugs, the infection is removed and simple trachoma 
is left.'° This, again, can be changed back into infected trachoma by reintroducing 
the particular organisms. | believe that when we find the specitic anti-trachoma 
virus drug, it will also be possible to take away simple trachoma from infected 


trachoma and leave behind only the conjunctivitis 


CRITERIA OF 


rRACHOMA CURI 
Trachoma is considered cured when the triad signs are broken up so that less 
than 60% of points can be given. When two of the three cardinal signs have been 
removed, the diagnosis can no longer stand on the remaining leg. Usually all three 
signs disappear in the cure of simple trachoma, and a normal conjunctiva is left 

In infected trachoma, the criterion of cure is essentially the subsidence of inflam 
mation, This converts it into simple trachoma. Scarring will be left behind as a 
sign of healing, the amount varying according to the depth and the time the infec 
tion has been going on. In pannus, there remain the attenuated, empty, and sclerosed 


vessels, which form of scarring will never become entirely absorbed 


DIFFERENTIAL 


DIAGNOSIS 


In daily clinical work, four conditions are frequently seen which must be differ 
entiated one from another. These are, namely, in consecutive order, folliculosis, 
simple trachoma, infected trachoma, and chronic conjunctivitis. The differential 
diagnosis of these four conditions is summarized in the accompanying Table. lor 
other conditions, the reader is referred to standard textbooks 
CLASSIFI¢ 


ATION OF TRACHOMA 


Trachoma can be classified simply into two categories, (1) simple trachoma and 
(2) infected trachoma. 

Simple trachoma requires no further subdivision, The word “simple” is sufh 
cient to denote mildness, absence of infection and complications, and possibility of 
complete self-healing. It has no stages of clinical progression except that the equi 
librium may shiit back and forth. 

In recording infected trachoma, I have used MacCallan’s four-stage classifica 
tion but have found that it is not sufficiently descriptive for either academic or 
clinical purposes, The division is based on the amount of inflammation present, 
and it uses the degree of cicatrization to denote the stages. This system does not 
convey any definite or consistent picture to the mind of the reader. Tr I, by defini 
tion, is not trachoma, Tr II, Tr II), and Tr IV are not clean-cut stages. Obviously, 
it is more desirable to have a system which will indicate at once the degree of 
inflammation present, the site and amount of tissue involved, the nature of the 
cellular changes, and complications, if any, than a series of numerals to show only 


how much searring has occurred. 
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PROPOSAL OF A UNIFORM METHOD OF RECORDING TRACHOMA 
\ special trachoma sheet should be used by clinics which routinely handle many 
cases. A sample of such a trachoma sheet follows. The diagram of the right (R) 
and left (1.) eyes shows at a glance the condition seen in the patient's initial visit 
The dated columns show progress as time goes on. Plus (+) and minus ( ) 
igns and a system of ophthalmic shorthand can be used. A space is left for any 


pecial notes or drawings. 
HEET 


Age 


(ireanization or School 
Purpose of Examination 
late 
(eccupation 
examining Doctor 
Diagnosis | Simple Trachoma 


2. Infected Trachoma 


Complaints 
Date and 
Symptoms 


Compli- 


of C onjunc 
Pannus Vision 
cations 


Cicatrices 
Lesion tivitis een 


Space for Special Notes 


EXPLANATION OF Use OF TRACHOMA SHEE1 


Purpose of I:kxamination.—This is to be filled in with such words as “routine,” 


“annual px,” “emigration,” “health project,” or “special research,” as the case 


be 


Diagnosis kither (1) or (2) 1s to be crossed out; (3) is left for such words 
/ 


as “nonspecific conjunctivitis,” “folliculosis,” or other eye conditions—‘“‘primary 
optic atrophy,” “glaucoma,” ete., whichever may be relevant to the case. | use a 
rubber stamp “No trachoma” as a routine when the case is found to have no tra 
choma, purposely to mdicate that trachoma signs are specifically looked for in every 
case 

Date The date is to be stamped on each separate visit. The initial findings 
should be put down on the first date of visit for subsequent comparison down the 
column 

Complaints and Symptoms.—\WVords such as “nil,” “tearing OS,” “smarting 
OD,” “sandy OU,” “AM dsey,” “Hda,” and “Hv lids” can be used for each such 
condition complained of 

ype of Leston.—F indicates follicular; Pap, papillary hypertrophy; Gel, gela 
tinous; C, cicatrization; Gi, Gel, follicular and gelatinous, et 
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Pannus.—In addition to indicating the amount of pannus in the diagram, the 
and system should be also used. The horizontal and vertical lines divide the 
upper and lower cornea (C) of the right (R) and left (IL) eves, respectively. 


Examples follow 


No pannus upper C; lower C not examined (hereafter a blank space means not 


negative” but “not examined”) 


Upper and lower C examined and limbuses found to be hazy but a pannus could 
not definitely be said to be present 


Mild pannus upper and lower C (therefore probably eczematous) (The + sigi 
really should be reserved to indicate that the slit lamp is used in finding the 
pannus positive) 


Slit lamp: Upper C positive; lower C not examined 


Slit lamp: Upper C positive; lower C pannus definitely absent 
Upper C OU positive; observation by 10 % loupe and foeal light 


R upper C pannus can be seen with naked eye; L. upper C negative (a monocular 


Case) 


beseleest Pannus of both upper C extending below half of cornea 


S$sticiss Both C’s totally covered with pannus and opacities; pupils and iris invisible 


The use of the + and signs for indicating degrees of pannus requires furthe 


explanation 


Not examined 


No pannus, using the slit lamp for observation 
No pannus, using only 10 » loupe for observation 
Hazy limbus, but vessels not definite, using slit 


lamp for observation (If 10 % loupe only is used 


put down “10 


Pannus positive by slit lamp (4 is reserved to 


mean slit lamp used) 


Pannus positive by 10 » loupe ( 


to mean loupe is used); slit lamp 1 


Pannus covering more thar 


to total opacity 


A 
+ 
+ | +_ 
+++ 
(slit 
(10x) 
+ 
+++ Pannus visible to naked eye of examiner 
++ ++ half of the cornea up 
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OPHTHALAMIOLOG) 
Lhis means unaided y al acuity for distance and reading charts: 


ire tested separately Ij vlas ‘ used, it should be designated “é el.’ 


Rx formula put down in the sp: below 


onjunctivitt This is taken to mean the amount of secondary infection present 


o inflammation (a quiet ca 


redne ind d 


on extending beyond the upp ormx Ol ( MacCallar 


yper lid mild searring lower lid free; L. upper lid moderate 
irring (Tr TIL); L low ux showing line of 


Carring 


eee 
te healed or spent (Tr 


/reatment (Rx) This space is for words such as CuSO, 3N/wk.; ZnSO, 
Trisulfazine 2, t.i.d.; Aureo. oint. q.noc., ete 


( omplications 
nturning eyelashes in right upper lie 


lid nearer temporal side; 6 inturning 
lashes, L. lower lid, in middle 


K upper moderate entropion; R lower normal position; | 


total entropior 
with inturning of all lashes 


(Other compheations, such as xerosis corneae, ectasia, and ulceration, can also 
be put down in this column 


/nagram of the and kyes.—TVhis is probably the most important informa 


tion in the whole trachoma sheet. In the upper and lower lids, four locations, namely, 
the temporal, the middle and nasal thirds of the lid conjunctiva, and the fornix, are 
inapped out m dotted lines to show exactly where the lesions are found. The doctor 


needs only to use a pen to shade that portion to be indicated.* He can also show 


the type of lesion by dots, lines, or circles, or by alphabetic shorthand 


lhe two cireles in the diagram represent the R and IL corneas. Here can be 


hown the amount of pannus present and other corneal complications, such as ulcet 
keratitis, or leucoma adherens, by filling it in with a pen 
* The Chinese Medical Association Committee Trachoma 


is method, but only the upper lid ts diagrammed, as tl ommiuttes 


mportant m trachoma 


on 
| 
| 
ae — Mild ZZ ischarge from upper lids: lower lids of both eyes norma 
=; + 1. eye, especially upper lid, more than moderately inflamed, with early involve 
‘ ment of lower ld; R eye quiet (though not trachoma-free) < 
2273 tf Kk eye severely inflamed, incapacitating the patient in his work; | eye moderately 
nflamed 
Hamed 
( 
line creatrices m upper fornix OF formin istol yopped out” for observatior 
+ + [thee 
Kntrop 
not think the lower lid 
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\PPLICATION 


OF THE 


NEW TRACHOMA CONCEPT TO PRACTICAL PROBLEMS 


OF CONTROL AND TO 


INTERNATIONAL QUARANTINE MEASURES 


The World Health Organization Expert Committee on Trachoma makes a 
statement regarding this question: ‘The Committee wishes above all to make it 


quite clear that in the present state of knowledge, trachoma 1s to be considered as 


only slightly contagious.” Infection is transmitted from a conjunctivitis that 1s 


producing a discharge. It is infected trachoma that is contagious. Simple trachoma 


is probably noncontagious. If contagiousness 1s the keynote to all the problems ot 


trachoma control, the emphasis should then be on the control of conjunctivitis 
rather than on trachoma itself 

Hong Kong is a port of clearing for emigration, from whence people leave for 
urope, the South Seas, and the Americas. It is an endemic area for trachoma 


Every country has its medical officers to carry out the general physical examinations 


and to look especially for trachoma in emigrants before embarkation. What exactly 


constitutes the diagnosis of trachoma is left much t 


» the interpretation of the 
examiner. The instructions given on the subject are not clear-cut. The stamp ot 


trachoma means that the emigrant’s sailing is held up for treatment until his tra 
choma is “apparently cured.” Then, “after all treatment has ceased, such emigrant 


shall be deferred for 6 months and then be re-examined and if still ‘apparently 
cured’ be passed.” + 

In the light of a new trachoma concept, the regulations governing international 
trachoma quarantine measures should be modified and be brought in line with 
present knowledge. The diagnosis of simple trachoma need not be a reason to detain 
any traveler. With modern chemotherapy infected trachoma can be arrested in a 


relatively short time, and in the length and method of quarantine this fact should 
be given due consideration. 


It may be suggested that for routine clinical work in trachoma endemic areas, 


the use of the loupe and focal lighting be admitted as sufficient to determine whether 
a pannus is present or not, for the reason that not all workers have access to a slit 
lamp and that in not all places where the examination is carried out can a slit lamp 
be used. A suspected case of trachoma with a pannus “+ loupe” or “-{- loupe’’ is 
only an academic question. So for practical purposes, such as examination of emi 


grants or school children, the 2 + ( +-) must be put down in order to give the 


40% points in diagnosis 


PFREATMENT OF TRACHOMA 


In simple trachoma expression of any large follicles and use of mild astringents 
are sufficient. Copper sulfate (blue stone) has both a mechanical and a stimulating 
effect and is still a good stand-by. In infected trachoma, the conjunctivitis should 
be treated first with antibiotics and sulfonamide drugs. In complicated cases surgery 
may be necessary. In borderline cases only periodic observation is required. With 
such an understanding and modern methods of treatment, trachoma is not such a 


horrible disease as it was once regarded. Trachoma can be eliminated 


+ Quotation from copies of Medical Instructions given to me by the Office of 
Immigration, 


Canadian 


1952, and by the American Consulate General, 1939 


IRCHIV 


OPHTH 


ILMOLO 


SUM MARY 


The pathology of simple trachoma is a quiet hyperplasia of the lymphatics ot 
the conjunctival epithelium. It is not an inflammation; therefore trachoma is not 
a conjunctivitis, and there is no acute phase. The primary lesion 1s a follicle, located 
pecifically in the upper retrotarsal fold and the epithelium of the upper cornea 
carring and vascularization are reactions following this follicle. 

The cause is a virus, of which little is known. Until this virus can be isolated 
for study, there will be many questions waiting to be answered. The presence of 
the trachoma virus incites only a mild reaction in the host tissue, which reaction 
may or may not be detected. An equilibrium is established among the normal con 
junctiva, the trachoma follicle, and its products. The shifting of this equilibrium 
is a characteristic of trachoma which is influenced by a number of factors not yet 
quite clear to us. The invasion of a secondary organism will cause a marked dis 
turbance in the equilibrium—even to breaking it up and changing it into a different 
pathological product, to be called infected trachoma. On the other hand, less impor 
tant factors will produce slighter shifting in one or the other direction. 

The clinical criteria of trachoma diagnosis are the triad signs, namely, follicle 
(30% ), pannus (40% ), and cicatrices (30% ). At least two out of the three (60 to 
70% ) must be present for a case to be called trachoma. The criterion of cure is the 
breaking up of this triad to a point lower than 60% 

The classification of trachoma is given: (1) simple trachoma, as described 
above, and (2) infected trachoma, which is the trachoma described in textbooks 
and writings, and which is the trachoma we recognize in our clinics. These two 
types differ distinctly from each other in etiology, pathology, symptoms, and treat 
ment. We have heretofore not given this distinction adequate thought, a fact which 
explains why there 1s so much confusion in the trachoma literature of the past. 

A uniform, simple method of recording trachoma is proposed for the purpose 
of study, research, and practical use among international workers. Its application 


in public health and quarantine problems is discussed 


14 Queen's Rd. C 
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ANGIOID STREAKS 


Tears in Bruch’s Membrane or Pigmented Choroidal Vessels(?) 


ALEXANDER R. COWPER, M.D 
BUFFALO 


EW MORE arresting or puzzling ophthalmoscopic pictures exist than that ot 

the tully developed case of angioid streaks. Splashed across the fundus, a great 
network of jagged brownish bands, some broader than the largest retinal veins and 
others tiny anastomosing threads, they take origin from the neighborhood of the 
dise and extend more or less radially toward the periphery, resembling nothing so 
much a a system of anomalously pigmented vessels Like vessels, they branch, 
they anastomose, and they tend to taper as they approach the periphe ry Like a 
system otf ve sels, they show a more or less uniform distribute n, a bas pattern 
found in case after case with only minor variations, putting one in mind of some 


kintl of fixed anatomic structure Pigmentation, on the other hand, is suggested 


by their color, their serrated edges, the marked changes in width, and the frequent 


presence of other types of fundus disturbance of an unquestionably pigmentary char 
acter Bedell * declared: “The more | examine these cases the more | tend to 
think the dark lines are migrated pigment.” Indeed, since their first discovery, 
in 1889, the streaks have been regarded as pigmentary or vascular or both by the 
majority of observers, although few have agreed as to their exact pathogenesis. In 


recent years, however, a theory has gained wide acceptance which rejects altogether 
the pigmentary and vascular hypotheses and seeks to explain the entire fundus 
picture in terms of minute rents in a degenerated Bruch’s membrane. First advanced 
in 1917, this idea received scant notice because of its incompatibility with the clin 
ical findings, until 1929, when attention was focused upon a condition outside the 
eye altogether, pseudoxanthoma elasticum. Because both the skin lesions and the 
eye findings, so often present together, could be put on the same etiologic basis, 
that of a familial and premature degeneration of the elastic tissues, the membrane 
tear theory of angioid streaks enjoyed an enthusiastic revival Renewed efforts 
were made to reconcile the old theory with the fundus signs. When it was found 
pathologically that the membrane was actually ruptured in several cases, little 
doubt remained that the mechanism of streak formation was at last understood 
Iwo facts, however, were forgotten. First, streaks occur without demonstrable 
breaks in Bruch’s membrane, and, second, breaks in Bruch’s membrane occur witl 
out demonstrable streaks 

Whatever the hypothesis, many unanswered questions arise, but in none so many 
as in the tear-in-membrane theory. \n attempt is made here to underline some of 
its inconsistencies and to put forward another explanation, without pathologi 


evidence, it 1s true, but one which seems more adequate from the clinical standpoint 


* Bedell, A. J., in discussion ¢ 
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{AS 


especially in the light of certam observations made in the two cases presented. 
Phese observations have been confirmed by another ophthalmologist. One has not 
been recorded before; others have appeared in the literature, but their significance 
seems to have escaped attention 


CLINICAL PICTI 


RI 

Scholz’s analvsis of the literature in 1941 is the lastest and most comprehensive.’ 
According to him, cases have been reported from all parts of the world, are divided 
about equally between the sexes, occur most ¢ mumonly between the second and 
fifth decades, reaching a peak in the fifth decade, and show a statistically significant 
excess in myopes. Except for cases with associated fundus changes, such as maculat 
degeneration, the fields are normal The streaks le unconnected with and below 
the retinal vessels, at a level variously estimated to coincide with the pigment 
epithelium, Bruch’s membrane, or the choroid. Sometimes, thread-like, they may 
be four or five times as wide as a retinal vein. Indeed, great changes in width 
mav occur in the same streak. With edges usually irregular or serrated, they may 
radiate spoke like from the region ot the dise or interconnect to such an extent as 
to form a mosak Pheir origin lies close to, but at a somewhat variable distance 
from. the disc margins and may take the form of a network surrounding the dis¢ 
or of a partly broken circle Phe dise may be completely enclosed by a ring, but 
not invariably by anv means, Scholz notwithstanding. Qf the 188 cases reviewed 
by Scholz, the color of the streaks had been described in 103, According to him, 
in 65 cases the color was brown or reddish-brown; in 27, gray, and in the rest, 
red, black, white, or gray-brown. ‘Trauma, usually contusion, figured in 24 cases, 
leading to fundus hemorrhage, with impaired vision, and ophthalmoscopic examina 
tion. The macula was abnormal in one or both eyes of 140 patients. Of these patients, 
35 showed recent macular hemorrhages; 19, scarring; 18, abnormal pigment, 
and the remaining 23, holes in the macula or exudate or “specific forms of retinitis, 
such as disciform degeneration or retinitis circinata.”” Retinal hemorrhage was seen 
in 65 patients, and “choroiditis” of one type or another, 1 70 

Pigmentary changes of all kinds occur throughout the fundi, varying trom large, 
irregular deposits to a fine stippling of the maculas or peripheral areas. The latter 
1S perhaps more commonly reported than any other associated finding and appears 
to be peculiar to the disease. Sometimes the stippling 1s red instead of brown or black 
and must then be difficult to differentiate from the punctate hemorrhages,+ which 
have often been observed in much the same locations 

Whitish areas of many kinds are found, [Edema, lipid deposits, often forming 
retinitis circinata, exudates, drusen, and patches of chorioretinal atrophy are among 
the causes. The atrophic areas are often circular and are most apt to lie in the course 
of a streak, which may pass over them or be interrupted, Circumpapillary atrophy 
resembling halo senilis is common. There is also a tendency for atrophy to develop 


along the sides of certain streaks in more advanced cases,’ an atrophy which ts very 
similar clinically to the perivascular choroidal form illustrated in Wilmer’s * “Atlas 
Fundus Oculi.” Zentmayer ° expressed the opinion that the widespread choroidal 
sclerosis and degeneration found in his case after many year 


s of observation might 


+ Reference 


Ws 1, 3, 7, 15, and 75 
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he the usual terminal stage of the disease. Other examples of extensive choroidal 
degeneration are seen in the case of Coppez and Danis," possibly Batten’s first case,’ 
and certainly the second case to be presented here 

the maculas may show exudates, hemorrhages, or any form of pigment disturb 
ance. ‘There may be a disciform type of degeneration or simply bands of connective 
tissue, like retinitis proliferans. Similar connective tissue overgrowths may line the 
edges of the streaks for considerable distances or form on their ends as whitish 
tails. While the course of the macular disturbance is often rapid before the develop 
ment of scar tissue, the streaks themselves may remain unchanged for decades. With 
but few exceptions, the changes that do occur are gradual. Apparently, the streaks 
may lengthen or shorten, grow broader or narrower, become more or less numerous, 
or disappear altogether.t Pressure upon the globe has been reported by Clay to 
cause them to disappear,’ an observation nobody has confirmed and some have 
denied.§ Often red in the early stages, they may become brown or black. By 1941, 
according to Scholz, 46 cases had been followed more than a year. Of these, 33% 
howed an increase in number, 56% no change, and 10% a decrease 

Reported monocularly in only three cases,|| the condition 1s thought to be trans 
mitted as a recessive hereditary character, like pseudoxanthoma elasticum.{ Scholz 
stated in 1941 that 18 cases had been described in which siblings were similarly 
affected. In four cases the parents were consanguineous 

Frequently accompanying the disease are three separate systemic conditions, 
yeneralized vascular disease, Paget’s disease, and pseudoxanthoma elasticum. Curi 


ously, the last two have never been reported as occurring together 


\s far back as the last century, Haab # and de Schweinitz'’ noted the high 


incidence of generalized circulatory disturbance. Holloway '! found it in 23.3% of 
60 cases. Verhoetf'* pointed out that of the six patients with undoubted cases 
pathologically studied, four died of cardiovascular-renal disease. Numerous reports 
stress the high percentage of siblings of typical cases who have vascular disease. 
Veripheral vascular disease, also common, will be discussed later 

The coexistence of Paget’s disease with the streaks had been reported 12 times 
by 1941. According to Scholz, Paget’s disease was found in 9% of 139 cases of 
the streaks, and the streaks in 8% of 65 cases of Paget's disease 

\s for pseudoxanthoma elasticum, between 1941 and the time its association 
with the streaks was first recognized (1929) 139 cases of the streaks had been 
described, of which 59% showed the skin condition.* Gioedbloed '* collected 67 cases 
from the literature, 57 of which had pseudoxanthoma. In an analysis of 100 cases 
of the latter condition taken from the literature, Sandbacka-Holstrom '* stated that 
87 showed angioid streaks. The skin lesions occur typically on the neck, cubital 
fossae, axillas, groin, and popliteal spaces. The skin in the affected areas 
becomes lax and leathery and presents small yellowish or orange “tumefactions,” 


sometimes referred to as papules, which tend to form linearly and coalesce into 
t References 3, 5, and 74 
Keferences and 23 
Reference 24, Isayama, cited by Scholz References 30 and 31 
q References 9. 13 5, 0), and 3] 


Haab, cited by Holloway."! 


ANGIOID 


STREAKS 


plaques. Pathologically there is a degeneration, with fragmentation of elastic fibers 
and deposits of calcium in the middle and deep layers of the corium. Similar 
abnormal deposits of calcium, as well as iron, have been demonstrated in Bruch’s 


membrane in cases of angioid streaks 


HISTORY 


Since 1889, when the streaks were first described by more than 200 


cases have been reported. Doyne’s patient came to him alter a contusion to one eye 


Doyne," 


Iextensive deep fundus hemorrhages led him to attribute the streaks to changes in 
the pigment epithelium secondary to hemorrhage. Plange,'’ who published the second 
report in 1891, and Knapp,'* who published the third and called the streaks 
“angioid,” agreed that hemorrhage must be the cause. Many of the early writers 
held the same view 

In general, attempts have been made to explain the streaks in four ditterent 
ways. In addition to the hemorrhagic theory, hypotheses assumed that vessels were 
the basis for the streaks, that folds in some layer of the fundus were involved, and, 
finally, that tears in Bruch’s membrane were responsible. 

lhe vascular theory took several forms and was especially favored after Lister,'” 
in 1903, had demonstrated abnormal vessels in the deep layers of the retina of an 
eye with long standing endophthalmitis Some felt that the vessels, retinal or 
choroidal, were newly formed as part of an inflammatory process.* Others held that 
they were congenitally anomalous.7 Still others believed they were not anomalous 
but were choroidal vessels which had become visible through pathologic pigmen 
tation.t 

Walser “4 and Law ** attributed the streaks to folds in the retina; Alt *® and 
(juist,** to folds in the pigment epithelium, and Verhoetf,** to folds in the choroid, 
a view which he later abandoned 

The theory of tears in Bruch’s membrane was first expounded in 1917 by 
Kofler ** because of the resemblance of the streaks to myopic tears. At first neg 
lected, the theory received a new impetus when Gronblad,§ in 1929, reported two 
cases of angioid streaks with a skin condition diagnosed by Strandberg as pseudo 
xanthoma elasticum (Gronblad-Strandberg syndrome). On the strength of this 
association, Gronblad postulated a systemic degeneration of elastic tissues, including 
Bruch’s membrane. Marchesani and Wirz ** soon after published similar conelu 
sions. which have been accepted by the majority of writers since. The skin disease 
was first described by Balzer ** in 1884, named by Darier ** in 1896, and reported 
in association with an unknown fundus disorder in 1903 by Hallopeau and Laffitte 
who considered the possibility of a connection between the two 

Paget's disease was first linked to angioid streaks in a case report by Rowland “ 
in 1929, and later by Terry,” in 1934, who collected five cases from the literature 
and added four of his own 

Six pathologie studies have been done on well-authenticated cases. The first, 


Benedict's,.** in 1937, revealed no significant pathology. The second, Law’s,*° in 


* References 6 and 20 

+ References 21, 22, and 23 

t Reference 1, 3, 7, 11, 50, and 71 
$ References 30 and 31 
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3 eemed to support the theory of folds in the retina with accumulated pigment 


debris from the uvea, but the findings were open to questior because of an exce 


ively long period of fixation, a circumstance which Law himself admitted could 
produce very change No other significant pathology was evident, howevet 


and the membrane of Bruch was intact 


Qn the other hand, the pathol gic @xamimations f Bock in 1938; ot Llage 
doorn,””’ in 1939; of Khiet in 1947, and of Verhoett in 1948, revealed basophilia 


and tears in Bruch’s membrane, as well as changes in the choroidal vessels, inter 


preted by Hagedoorn as peculiar to the condition of angioid streaks and by Kliet 
a imply an ordinary, though premature, kind of “involutionary sclerosis * While 


Bock and others doubted that small rents could be seen through an intact pigment 


epithelium, and therefore postulated corresponding tears in the latter, Hlagedoort 
I | 


Kliet ind Verhoeff, often unable to find any disturbance in either the adjacent 
pigment epithelium or the choroid, concluded that the degenerated membrane must 


1 


be opaque and that this opacity brought out the choroid-exposing tears by contrast 


Most authors put down the hemorrhages and other associated lesions to injury t 
the choriocapillaris caused by rupture in a membrane not only degenerated but 
calcified as well. Changes between Bruch’s membrane and the pigment epitheliun 


imilar to, if not identical with, those of disciform degeneration of the macula were 


eribed 


REPOR 


On March 18, 1952, V. N., a 34-year-old white man in good general health, presented 


himself for examination because of blurring and a central black spot in his right field of vision 


Thirty-six hours previously he had been struck across the right eye with moderate force by 


baby’s milk bottle. His symptoms had appeared immediately and had not changed. That the 


force of the blow had not been great was indicated by the complete absence of external signs of 


ontusion. Witha 6 1). correction before each eye, his vision was 20/100 in the right eye and 


20/20 in the left eye He was unable to fix centrally with the right eye. Examination of the 


fundi revealed typical angioid streaks in each eye, brownish-black, varying greatly in width, but 


with the largest twice the size of a retinal vein near the disc, and radiating generally toward the 


periphery, with many branchings and anastomoses. About the discs the networks were denser 
but did not form a ring. Nor was there any chorioretinal atrophy in the neighborhood of the 


discs or elsewhere \part from the streaks, t most striking finding was extensive deep hemor 


rhages in the posterior polar region of the injured eye Dark-red and with clearly defined 


edges, they appeared to be choroidal and were arranged in large patches close to the disc, above 


ind to the temporal side, where they covered the macular region Beneath the hemorrhagi 


ireas, several streaks were seen to disappear. The left fundus showed no sign of hemorrhage, 


past r present 


\n unusual feature was the curious form taken by the hemorrl{ages in several places. Well 


hown in Figure 1 are three linear hemorrhages about 1 D.D. temporal to, and more or less 


concentric with, the disc Phe uppermost of the three extends from the lower border of the 


hemorrhagic area in the macular region and ends about 1 D.D. below in a small angioid streak 


running almost at right angles to it A similar hemorrhagic streak, somewhat broader and 


horter, continues downward, slightly closer to the dise than the first, but originating from the 


ume pigmented streak in which the first ends. A third linear hemorrhage extends intertorly 


from the same pigmented streak near its peripheral end. The most remarkable thing about 


these hemorrhage formations is their extraordinary similarity in course and form to typical 


ingioid streak Not only does their width correspond but also their irregular edges, mort 


lobulated than serrated, seem identical, as is nowhere better shown than in comparing the 


hemorrhagic streaks just described with the pigmented streaks passing horizonta 


lise 


lly from the left 


toward the 


the 


midline in Figures 2 and 3. Not unlike these linear hemorrhages 


macula near 
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lA 


is the finger-like extension rising above the main mas i four linear 
tormations is seen a tiny dark thread-like core What 
mfortunately, 


lisc at 12 


right fundus, 


angioid streaks, leaving tl ! thborhood of the 


downward and 
temporally I converted 
red hemorrhagy to their terminations, 1).D. toward the periphery 
hey continu olor, but in course 1 wid remained totally unaltered 


ur previously ce gic, and 1 sin 


Fig. | rhree linear hemorrhages 1 D.D. temporal to and « 


oncentric with the disc 


\ large vertical angioid streak outlining a choroida ssel is seen below the dis 
Several streaks seen to behind choroidal vessels at crossings 
Fig. 3.—A streak approaching the macula from above ‘ hed with connective tissue 


streaks, sometimes reported in the literaturs suggested by their complete 


uninjured eye and proved by their gradual ab on witl 


masses while undet 


absence in the the mam hemorrhagn 
observation during the subsequent mont! the macular region, 
all the hemorrhages were absorbed without leaving a tr: uch less pigmented streaks, as 
some authors have described acula itself there devel haped band of connective 
its stem pointing toward the disc, which seemed slightly above the retinal surface 


the usual 


40/4 


r 
ply red 
as in retinitis proliterans 
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After about six weeks the macular scar had become stationary and the hemorrhages smaller 
ind darker. Four months after the first visit only small faint pinkish tints remained at the 
bleeding te (One year later all wns o! hemorrhage had disappe ared except tor the macular 

| 
ar Vision remained unchanged 

ciated fundus lesion which were stationary during a year of observation, were black 
ppling, in places a flaking, involving the macular and peripheral regions, ind white bands 


ensheathing two pigmented streaks approaching the left macula, the uppermost of which is just 


ible in Figure 3 An excellent view of a choroidal vessel exposed inside a streak is afforded 
in Figure 2. The streak is broad and runs vertically below the disc. For considerable distances 
the streak, as outlined in black, intimately follows the vessel, conforming to every twist and turn 
Other findings frequently noted in the literature, such as drusen (retinal or in the nerve head ), 
exudates, large pigment deposits, and punctate red areas, said by Bedell to be almost a constant 
feature, were absent 


Of special interest are the three observations that follow. One has not been made before, and 
all three have been verified by another ophthalmologist 

First, in many places in both fundi choroidal vessels were seen unmistakably to cross above 
not below, the streak Figure 2 shows this about 1 D.D. from the disc along the 5 o'clock 
meridian. The superimposed choroidal vessel can be seen on both sides of the streak and followed 
to its branchings, the whole surrounding network of which it is a part being faintly, but unques 
tionably, visible. Similar crossings of the streaks can be made out at 2 and 3 o'clock about the 


ame distance from the disc. Many others, some even more distinct, were seen in the unphot 


graphed parts of the fundi 

\ second finding, seldom brought out in the literature, was the appearance o! three larger 
treaks, running more or less parallel from near the left disc at 7 o‘clock and ending inferona 
ally about 3 to 4 D.D. peripherally. At the point where each of the three ended, there ran an 
unmistakable choroidal vessel, each a direct continuation of a streak and in no way different 1 
appearance from the many choroidal vessels lying side by side and easily seen in the lightly pig 
mented periphery 

lhe third feature, also reported by Klien and Holloway, was pigmentation of retinal ve ssels 
The pigment, coarse and granular but of the same color as the streaks, had developed as elon 
gated patches enveloping two small vessels, within 4 D.D. of each other, lying well out toward 
the periphery, beyond the ends of the streaks themselves 

lhe patient’s general physical examination was negative except for irregular depressions of a 
linear character in the skin, rather resembling faint scars or the striae of pregnancy but without 
a trace of the lightly colored papules characteristic of pseudoxanthoma elasticum. Neve rtheless 
they may represent an early stage of pseudoxanthoma, though discovered by the patient 10 years 
before, because they showed the typical distribution in the cubital and popliteal spaces They 
were, however, present also along the inner and anterior aspects of the arms and upper thighs 


but absent from the neck and axillae 

Case 2.—J. M., a white woman of 64, in good general health, became aware of an abnormal 
kin condition involving the neck and axillae at the age of 23. Three years prior to my examina 
tion, when the lesions had spread to the cubital and popliteal spaces, as well as to the groin, the 


patient saw a dermatologist, who made the diagnosis of pseudoxanthoma elasticum. Three years 


before this, because of blurring in the left eye, she had consulted an ophthalmologist, who made 
i. diagnosis of angioid streaks, At this time, vision was 20/30 in the right eye and 20/70 in the 
left eye with small plus cylinders for correction. Both fundi showed many radiating dark streaks 
ind several small hemorrhages in the macula Three years prior to my examination vision Wa 
correctible to 20/70 in the right eye and to Ie than 20/200 in the left eye Only a tew taint 
treaks were then visible in each eye, against a background of advanced choroidal sclerosis in the 
posterior polar regions. Vision was the same when I first saw her, in May, 1953, and there wa 
extensive choroidal sclerosis, accompamied by what seemed to be a tot il loss ot pigment epithe 
lium surrounding each dise for about 3 D.D. Beyond this the fundi were colored a light red, 


with faintly visible choroidal vessels, identical in appearance with normal lightly pigmented fundi 


lhe more or less circular border between the normal-appearing and the depigmented zones wa 


clearly detined and 


marked in places by a thin deposit of pigment. In the right eye, the macular 
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region was almost entirely white from the thick matting of sclerosed choroidal vessels, and there 


was a faint dusting of pigment. A single black angioid streak, about as wide as a retinal artery 


near the disc, was seen to emerge from under densely packed choroidal vessels about 1 D.D 


from the disc at 6 o'clock and to proceed 3 D.D. inferiorly toward the periphery, tapering 
gradually as it did so and terminating with two or three sinuous turns, much like the corkscrew 
effect of macular arteriosclerosis. While early in its course it seemed to pass behind four or five 
choroidal vessels, toward its end it seemed to pass in front of several. In other words, as it 
traveled away trom the disc, it appeared to become more anterior 

In the left eve, a similar angioid streak was made out, somewhat fainter, but nevertheless def 
initely outlined. Fi-st appearing from below a retinal artery, 1 D.D. nasal to the disc, it passed 
inferonasally and ended as a very thin sinuous black line about 3 D.D. from the dis« Again, 


there were several crossings above the streak of sclerosed choroidal vessels Imost continuous 


with this streak, but fainter and broader, was another, which coursed concentrically with the disc, 
about 1 D.D. away, and at 11 o'clock struck out toward the periphery for about 3 D.D., where 
it disappeared at the border of the normal-appearing fundus. The left macula showed ill-defined, 
but dense, pigment accumulations, about 4% D.D. in size, against the white 


choroidal sclerosis 


background of 


COMMENT 


Phat the nature of angioid streaks is still not well understood in spite of several 
pathologic reports is accepted by a number of recent authors.|| ‘Two of six patho- 
logic studies made in well-authenticated cases have revealed no breaks in Bruch’s 
membrane whatever. In addition, Friedenwald { has stated that he was unable to 
find any pathologic basis for the clinical picture, and Reese,# examining sections 
from a case of Clay, concluded that anomalous vessels were responsible. Even 
assuming that tears in Bruch’s membrane are present in the majority of cases, it 
must be shown that such tears are primary and causative. This has not been done 

One of the principal objections to Kofler’s theory is the problem of explaining 
wide brown to black streaks in terms of tiny chance fissures in a minute membrane 
sandwiched, as it is, between two much thicker and blackly pigmented layers, which 
oftener than not remain intact over the breaks. The dimensions of these layers speak 
for themselves. According to Duke-Elder,” the lamina vitrea averages 2.5 p» in 
thickness, but the lamina elastica, or outer layer, which is the only one involved, 
measures 0.5 p, as compared with the average height of pigment epithelium of & » 
and an average thickness of the posterior choroid of 220 ». In other words, we are 
asked to believe that the opacity of a normally clear membrane, one-sixteenth the 
width of a densely pigmented layer lying on top of it and one four-hundred-fortieth 
the thickness of a heavily pigmented layer lying behind it, can so materially affect 
the general appearance of the fundus that minute rents in it become visible as dark 
streaks sometimes five times the width of the largest retinal veins 

The dark color, so common in these cases, 1s also difficult to explain on the basis 
of tears in Bruch’s membrane. Because of the exposed choroidal vessels, one would 
expect them to be invariably red, instead of brown or black. Neither Hagedoorn * 
nor Klien has given the answer. Verhoeff '* suggested that the pigment of the 
choroid would absorb the light, while the opaque membrane of Bruch would reflect 
it; but he failed to take into account the light-absorbing properties of the overlying 


pigment epithelium. One also wonders why a few crossing choroid vessels should 
Reference 42 
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often be clearly visible while the rest are lost to view. In a given fundus, where the 


pigmentation is uniform, one would expect all the vessels to be visible through the 
fissures in more or less the same degree 
Then, again, if it is true that interruptions in an opaque Bruch’s membrane can 


vive brown or black streaks, why should not one infer that in normal eyes, in which 


the membrane is not opaque, the fundi would be brown or black? Further, how does 
one reconcile the periectly normal appearance ol the areas between the streaks with 
opacity of the membrane ? 

Because of these, and many other, objections to Kofler’s theory, to be dealt with 
at greater length later, | am suggesting one that seems less at loggerheads with the 
clinical picture. | believe that angioid streaks almost invariably bring to mind the 
idea of pigmented vessels because they are pigmented vessels and that they have 
gone so long pathologically unrecognized because they are vessels for the most part 
of normal size, course, and location; and, further, that this location, the choroid, 
is so densely pigmented under normal circumstances that an excess of pigment about 
certain choroidal vessels would be extremely difficult to pick up microscopically 
Evidence for the last point may be had from the pathologists themselves. Samuels 
and Kuchs,** for example, stated that the ophthalmoscopic degree of pigmentation 
of the fundi is impossible to estimate exactly from histologic examination. Hage 


doorn wrote 


A normal choroid, preserved in a solution of formaldehyde, appears collapsed, thin and strongly 


pigmented with flat, intensely staining nuclei, so that it requires careful examination to locate the 


arteries 


In this connection, it is interesting to note that in one of the two pathologic studies 
of unquestioned angioid streaks where there were no breaks in Bruch’s membrane, 
Benedict ** described the choroid as showing “perivascular lymphocytic infiltration 
about many of its vessels and heavy deposits of pigment surrounding the vessels and 
nerves There was perivascular lymphocytic infiltration in the episcleral vessels, 
most marked in the anterior sections, and a considerable amount of pigment about 
the vessels and nerves traversing the sclera.” 

If, then, the streaks are in fact excessively pigmented vessels in the choroid, tt 


is not difficult to understand why pathologically they might well be overlooked 


PIGMENTED CHOROIDAL VESSELS(?) 


1. Signs of Systenuc Vascular Disease.—First, it cannot be too strongly empha 


sized that the fundus condition is commonly associated with a generalized vascular 


disorder, central or peripheral. As early as 1891, Plange,’* whose publication on 
angioid streaks was preceded only by Doyne’s, mentioned in his case a low radial 
pulse with flattening of the curve. from this he inferred a vascular loss of elasticity, 


which he surmised might be a factor of importance in the fundus hemorrhages 


Scholz * noted the absence of vascular pulsations in the lower extremities of his 
third case. Guenther,’ investigating pulse wave velocity and form in peripheral 
‘musculoelastic” arteries, found abnormalities in nine cases of angioid streaks. He 
concluded that these were such as to indicate elastic tissue degeneration of the vessel 
walls. In 1946, Scheie and Freeman * found diminished or obliterated peripheral 
vascular pulsations in two of three cases of angioid streaks (the third had hyper 
tension ), confirmed by oscillometric studies. Biopsy of the ulnar artery in one case 
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revealed elastic tissue degeneration with a “compensatory” muscle tissue hyper 
trophy. X-rays revealed calcification of thigh vessels in two cases. .\ similar vascular 
calcification was found in Zentmayer’s® case in the region of the sella turcica, 
“probably within the internal carotid artery,” as well as in the peripheral arteries 
of a case of Silvers and Wolfe.” Dixon ** reported a case with aneurysm of the 
intracranial portion of the internal carotid artery. Bock ** described atheromatous 
changes in the aorta and degeneration of the posterior ciliary arteries. Klein '® and 
Hlagedoorn regarded the choroidal vessels as sclerotic. Repeatedly one finds 
described in the literature choroidal sclerosis in these cases. Wildi *® observed the 
development of six small aneurysms in the macular arterioles of one case. Even in 
pseudoxanthoma elasticum small hemorrhages have been found in the skin lesions. 
\lready mentioned is the 23.3% incidence of generalized vascular disease in the 60 
cases reviewed by Holloway.'! One can only speculate on the number of cases in 
which the vascular disorder has gone unrecognized. That it plays an important role 
is reflected by the decreasing incidence of angioid streaks in patients beyond their 
50’s. This has been interpreted as the result either of a shortened life span in these 
cases or of absorption of the streaks. The latter supposition seems less likely in view 
of the figures Scholz has given on cases followed for more than a year. It will be 
remembered that of 46 such cases, 33% showed an increase in number, 56% no 
change, and 10% a decrease 

B. Signs of Local Vascular Disease.--While the pathogenesis of the two other 
systenne disorders, Paget’s disease and pseudoxanthoma elasticum, is not sufficiently 
well understood to throw any light upon the question as to whether choroidal vessel 
pathology is responsible for the streaks, the associated fundus lesions very decidedly 
point in this direction. There is not one lesion which cannot be explained as the 
result either of choroidal hemorrhages with secondary pigment disturbance or of a 
deficient choroidal circulation. Many of these features allow no other interpretation 

1. Hemorrhages: The development of hemorrhages, either spontaneously or 
after slight trauma, in such a high percentage of cases is in itself good evidence of 
the circulatory nature of the disease. It is a curious fact that the peculiar form taken 
by these hemorrhages in so many cases has escaped comment. Over and over they 
are described as linear, like the pigmented streaks themselves, and sometimes several 
dise diameters in length. Apparently because of this resemblance, de Schweinitz "' 
thought that the streaks were “metamorphosed” hemorrhages. Despite their shape 
which, of course, is characteristic of hemorrhages in the retinal nerve fiber 


layer, few doubt that they are in the choroid. In my first case, not only were they 


linear and, except for color, identical with the dark streaks, but also, in two places, 


they were direct extensions of the streaks. Similar hemorrhagic continuations ot 
angioid streaks have beet reported by others.* Since red intervals in darl angioid 
streaks are most commonly due to exposed underlying choroidal vessels, many of the 
later writers have concluded that this is invariably so and that earlier observers, 
reporting hemorrhages, have confused the one with the other. In my own case, their 
gradual absorption along with the larger hemorrhagic masses left no doubt as to 
their origin. In most instances, however, the linear hemorrhages have been described 


as independent of the streaks. Bedell in his fourth case found three linear hemor 
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r¢ me a narre ine, fall harp and distinct In Clay’s third case, imme 
ite irrounding each dis is a “narrow ring hemorrhage Calhout 
rote (on each side and below the macular change ere 1 extravasations ot 
( hich appeared t be in the outer retinal layer accompat illustra 
reveals three separate linear hemorrhage Hlollowa oted in one case “a 
elicate hemorrhagu treak,”” al dou another, gated narre crescent 
emorrhaye yrote that continuou ith large flat hemorrhage in the 
ular reve a ij er-like proce extend nasa lv and connecting with 
irve extr isation below the disc. There ere two small linear hemorrhages nasal 
the dis In 1895 Holde observed that “as the hemorrhage became further 
ibsorbed a narrow proce of red color pushed upward from its superior margi ind 
dua extended a distance > 1) 1). in a curved streak, but slightly broader 
than a vein on the dis Jeon den, and Bishop,”? in an article on pseudo 
thoma elasticum, referred to “flame-hike hemorrhage in their third case 
Pec Cla and Coppez d Dani mentioned linear hemorrhage surrounding 
noid streak 
mphasis is placed upor this finding because hemorrhages th hape and 
location occur in no other condition and because they point to a pe thar disease ot 
the vessel walls which leads to extravasations of blood al f nsiderable portior 
f their length rather than at isolated points of weakne is in the usual types ot 
ascular disorder. If one assumed that early in the disease the extravasations were 
erous. rather than hemorrhagic, as in juvenile disciform degeneration o| the macula 
Ve se]. 


understand how 1 


how out sp ken hemorrhage 


likel 

unaware of the tendency to linear 
Che causation of these cases is best explat 
of oozing, or seepage, from the choroidal 
hlood to pere ite through the vess« Va 
to the angioid streaks, and that the same v 
f retinal and choroidal disturbance of pig 


How much more convincing this explanation becomes 1 
Yet Batten based his conclusion upon entirely different consid 


linear hemorrhage 


eration 


tion to choroidal hemorrhage, at d 


ome cas the 


hemorrhage 


ind that the pigment epithelium reacted by migrating about the affected 
treaks could develop without 


formation 


one could better 

ny prot hemorrhage It might also explain the tendency ot the hemorrhages 

when they do occur, to form in relation to the streaks, for the vessels developing 

transudates would naturally be those which, under greater stress would) most 
In any event, Batten,’ apparently entirely 


concluded 


ned. clinically, by assuming that there 1s a slow torm 
vessels, without emot! iges, but allowing the 

ilong the course of the choroidal vessels, giving rise 
iscular weakne would a int for the various torn 
rment, found in this disease 


the large number « 


namely, the high incidence of generalized vascular disease 


view of the frequency ol 


the predispost 


patients with siblings who 


without the streaks themselves 


howed the as 


sociated fundus changes 


associated finding 1n 


1 cases of angioid 


2. Macular Pathology \nother common 
treaks, no less important than choroidal hem rrhage as evidence of the funda 
mentally vascular nature of the disease, is the presence of maculat pathology. edema, 
xudate. or hemorrhage, individually or in any combination, usually characterizes 
the early stages of the macular disease. Alter a few mot ths this mav subside, with 
return of normal vision, of permanent Mnpairment may result from scar tissue 
Whatever the course, the significant feature of the lesions 1s that they may occur 

Indeed, they are found be fore 


without angioid streaks even approaching the mac ula 
evelop anywhere im the tut di and mav, in fact, never be fe 


streaks d 


llowed by the 


4 


development of streaks in the siblings of persons with typical streaks.7 Butler’s 
patient was first seen because of metamorphopsia. No fundus pathology was found 
Vision was 6/6 in the right eye and 6/12 in the leit eve. One month later, when, 
unfortunately, an ophthalmoscopic examination was not done, it was 6/30 in the 
24 in the left eve. Six months later, vision was 6/60 in the right eye, 
nd characteristic angioid streaks were found in both eyes, with a soft white « xudate 
in the right macula. Four months after this, vision was 1/00 in the right eye and 
6/12 in the left eve. At this time the macular exudate had shown marked contraction 
and the streaks had become much less evident. Hibbert case resembled Butler's 

that macular and other scattered exudate with visual disturbance preceded the 
cle velop! ent f the streaks by more than a veat Butler stated emphatically that 
treaks were not present in his case on first examimatior From reading |libbert’s 
paper, it is not entirely clear whether they were absent or simply not recogt ized 
during the first vear ot observation In anv event, how the theory ot the streaks 
-tears in Bruch’s membrane, injuring the choriocapillaris and so producing hemor 
rhage, can be made to explain macular exudates under any circumstances, or even 
explan hemorrhage, when no streaks are in the neighl rhood or whet they are 
absent altogether, is difficult to understand 


In the later stage of the macular disease, a discitorm degeneration, indistin 


guishable from the senile type, Irequently appears Verhoett and Sisson rejected 


Behr’s theory that tears 


the membrane ot Bruch were re sponsible for senile and 
‘uvenile disciform degeneration and, like most authorities today,’* attributed the lat 
ter to a disturbance in the choroidal circulation. In support of this, they argued that 
the association of disciform degeneration with angioid streaks was in accord with 
their conclusion, “for choroidal hemorrhages are frequent in cases of the latter condi 
tion and indicative of vascular disturbances which might well lead to hemorrhage or 
serous exudations from the choriocapillaris behind the macula.” In other words, 
they felt in 1926 that the changes in Bruch’s membrane were secondary to choroidal 
extravasations, while now Verhoeft regards them as primary, if not in the senile 
and juvenile forms of discitorm degeneration, at least in angioid streaks 

3. Connective Tissue Formation, Resembling Retinitis Proliferans 4 lhe sear 
tissue often seen in the terminal stage of the macular lesion, the evolution of which 
was followed in my first case, 1s similar to the white lines accompanying the streaks 
on one or both sides. In more recent years adherents of the Kofler theory have 
initerpre ted the latter as connective tissue lorming along the edges of the membrane 
defects, an explanation which seems unconvincing, for two reasons. First, mn tear 


1 


which occur in other conditions, such as myopia or choroidal ruptures, the connec 


tive tissue fills in the gap, producing a white streak rather than lining its edges 
and the result bears no clinical resemblance to dark angioid streak Second, the 
lines sometimes extend bevond the streaks as a kind of tail, or may rise some what 


above the surface of the retina, as in retinitis proliferar further, when they border 
the streal they give a sheathing ettect In short thei appearance 1} of a kind that 
1 


m every other condition results from vascular extravasations Lhey even tend to 


appear oftener about the streaks 1 the macular area is in the first case described 
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where such extravasations are most apt to occur. Similar sheathing in other dis- 
orders 1s known to develop in association with the choroidal vessels and is illustrated 
in Tronecoso’s text. 

+. Miscellaneous Associated Fundus Lesions (Choroidal and ¢ ircumpapillary 
\trophy, Pigment Stipplir g, Drusen, and I <udates): These are changes which 


without exception one customarily associates with circulatory disorders in the 


choroid. Circular atrophic areas, usually but not always, located in the course of the 
treal were seen by Doyne'® to form as hemorrhage was absorbed. Holden. 
Zentmayer,® Clay,* and Collins! agreed upon their probable hemorrhagic origi: 


Indeed, their ; 


ocation with the streaks in so many instances argues for the vas 
cular nature of the streaks, while their occasional occurrence alone is additional 
evidence that the streaks, or tears in Bruch’s membrane, are not essential to theit 
development, as the theory of mechanical injury to the choriocapillaris demands 
Phat all the other associated changes may, in fact usually do, exist at a distance 
from the streaks has, of course, the same significance 

Circumpapillary atrophy when present seems to take two forms. It may be an 
actual chorioretinal atrophy, indistinguishable from the senile type, or it may consist 
of an overgrowth of glial tissue, sometimes disappearing after many years, as it 
Zentmayer’s case.” The atrophic form seems the commoner of the two and may well 
arise from a deficiency of the choroidal circulation in much the same wavy as “halo 
enilis.” 

Pigment stippling or flaking, on the other hand, seems to appear in no other 
condition, Most authorities look upon it as a disturbance in the pigment epithelium 
Collins ' and Magitot § attributed it to the pigmentation of the fine punctate hemor 
rhages often reported in much the same locations The presence of these hemor 
rhages in the periphery away from the streaks is, again, striking evidence of the 
independence of the vascular disorder so far as the streaks or membrane tears are 
concerned. Intere stingly, the flaking may be found with white spots in the pt riphery, 
presenting a picture very similar to the so-called “pepper and salt” fundus, a condi 


tion which, of course, 1s primarily vascular 


Drusen of two types, those originating from the pigment epithelium and those 


found in the nerve head, are commot The former, at least indicate the presence 
of either vascular disease or a hered degenerative process,’ and so their high inet 
dence in these case may be taken to support the idea of either a primarily choroidal 


vascular disease or a basic degeneration of Bruch’s membrane. 

The presence of exudates, on the other hand, especially those which develop and 
disappear rapidly, as in the cases of Butlet and Hibbert,** are, to say the least. 
difficult to reconcile with a primarily degenerative process 

». Associated Fundus Lesions Without Streaks in Siblings of lypieal Cases 
Many authors have noted the high incidence of nonspecific chorioretinal disease, 
as well as cardiovascular renal disease in siblit gs! of patient with typical angioid 


streaks. When these siblings, in whom the streaks nevet develop, are considered 


along with those cases in which they appear alter the associated fundus lesior 8, 


$ Magitot, cited by Holloway 
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sometimes years later,# one gains the impression, as Batten emphasized, that streak 
formation is not essential to the clinical picture. It was for this reason that Batten 
believed the streaks to be simply one among many manifestations of an underlying 
choroidal vascular disorder, any one or a combination of which could be missing. The 
sine qua non of the condition was, in his opinion, the choroidal disease. Lloyd * 
referred to three sisters whom he had examined—one with bilateral macular degen 
eration and typical angioid streaks, another with all of this in one eye and macular 
degeneration without the streaks in the other, and the third with only slight bilateral 
macular changes 

Nonspecific chorioretinal disturbances without angioid streaks are also found 
in cases of pseudoxanthoma elasticum. Benedict and Montgomery ** reported eight 
cases of the skin disease. Of five in which the eyes had been examined ophthal- 
moscopically, two showed typical streaks and the other three various forms of 
chorioretinal disturbance only. 

C. The Streaks Themselves—‘Angioid” Characteristics.—1. Resemblance to 
Choroidal Circulation: If none of these changes so often seen with angioid streaks, 
these signs of choroidal extravasation or circulatory deficiency, existed and nothing 
at all were known of the generalized vascular disease so common in these cases, 
one would still be tempted to regard the streaks as basically vascular because of their 
own special characteristics. Their radial distribution, with the branching and anasto 
mosing, remind one irresistibly of the choroidal circulation, particularly when it is 
seen in subalbinotic and the lightly pigmented fundi of myopes. To appreciate the 
likeness fully, one must see beyond the choriocapillaris layer, which is not possible 
in so many cases of choroidal sclerosis. Collins’ has emphasized the importance 
of this resemblance and pointed out that it may be better appreciated in the fundi 
of certain monkeys. The marked difference in caliber of adjacent choroidal vessels, 
the tendency for some vessels to turn and partly circle the disc, the denser anasto 
motic network near the dises, often forming an incomplete circle, and their origin 
near, but not at, the disc margins—all these correspond to the characteristics of the 
streaks. I-ven the peculiar tendency of the streaks to terminate before reaching the 
equator, commented upon by a number of authors, may, as Collins remarked, bear 
some relationship to the distribution of the posterior ciliary arteries, supplying, as 
they do, the posterior half of the choroid, Another puzzling feature, the frequency 
of a peripapillary pigment ring, which occurs oftener than the occasional findings of 
this configuration of the choroidal vessels near the disc can justify, may be explained, 
as Collins wrote, by pigmentation of the circle of Zinn, for there is no reason why 
this structure should not become as visible in this way as the choroidal vessels them 
selves, lying, as it does, not 


ar from the inner scleral surface. The seeming dense 
ness of the network near the discs could be simply the result of vessels crossing 
one another, rather than actually joining, as Calhoun remarked.° 

2. Tapering: Several other characteristics of the streaks put one in mind of 
vessels. For one thing, tapering as the streaks approach the periphery is hard to 


explain on any other basis It was especially noticeable in the second case presented 
# References 11, 53, and 54. Reese, cited by Zentmayer 
* lloyd, in discussion on Bedell.’ 
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heen reported often in the literature.t It seems significant that tapering in 


verse direction, that is, centrally, has never been reported 
3. Ampulliform Dilatation Marked dilatations of the streaks, usually about 
the dise, and often termed “ampulliform,” or “sinus-like,” have been repeatedly 
noted.8 Whether there is any connection between these and actual aneurysms 

course, conjectural, but one cannot help remembering the carotid aneurysm 1 


st and the tiny aneurvsms of the macular arterioles in \Wildi’s case.*” 


that Salzmann ° wrote 


yes at the border 


Variations in Depth: On the strength of the foregoing characteristics alone, 
one would be entitled to think of the streaks a sel-like, or “angioid” ; but, 1 
addition, there is the observation that the streak ‘ona sing! lar hey 
olter ecm to cro above the choroidal vessels in some plac and to pass below 
them in other lhis was evident in both case presented, was confirmed by another 
ophthalmologist, and may be seen in Figure 2. No other author has referred to thi 
finding, although Calhoun wrote (and Clay * apparently concurred in the opinion ) 
that in his case “some of the streaks appear to be at different levels and som 
are denser, and besides one may imagine the color to be darker where two streaks 
cross.” Hughe aw crossing choroidal vessels which were part of a barely visible 
choroidal vessel pattern lying on each side of the streaks but assumed that the vessels 
were deep to the streaks. Inasmuch as he thought that the streaks were caused by 
tears in Bruch’s membrane which had become brown or black through the accumu 
lation of pigment, it must have been difficult for him to understand why the 
choroidal ve sels became clearer and a brighter red when they crossed under the 
treaks than when they were in the adjacent normal fundus. I[-ven accepting the 
current view that the defects are not filled with pigment and become visible only 
through exposing the choroid, one wonders why just a few vessels are seen at 
cattered points and the rest are lost to view in choroidal pigment. There ts, how 
ever, nothing puzzling about this if one pictures the visibly crossing choroidal vessels 
as lying anterior to the streaks, while the rest lie behind 
Phat the streaks occupy a level deeper than Bruch’s membrane ts also suggested 
by their disappearance in areas of choroidal hemorrhage, as seen in Figure’ 1 and 


deseribed by Wassenaar and others 


5 lor Variations: Many writers mention the way in which brown streaks 
become red for varving distances. Most authorities ascribe the red to the underlying 
choriocapillaris or larger choroidal vessels which cross the streaks, but careful stucly 
of the large vertical streak below the left dise in Figures 2 and 3, as well as reports 
in the literature. makes it seem likely that often a single choroidal vessel 1s being 
exposed within the streak, not a densely packed mass. One gets the impression 1 
my case that the vertical brown streak. enclosing the red, follows every twist and 
turn of the latter Also. the central red band can be traced for short distances in the 


normal fundus and seems to be a part of the general choroidal vessel pattern It is 


One recalls, alco, 
Abnormal vortices have occasionally been observed in myopic ci of the choroidal 
’ foramen, more rarely in eyes of normal form 
t Reference 2 17. 20. 23. 49. 66. 67. and 70 
& References 1, 3, 6, 7, &, 23, and 68 
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easier to think of the red portion as a vessel lined on each side by pigment and 
exposed anteriorly by a thinning of the overlying pigment epithelium than as a mass 
of random, crossing vessels from which no individual vessel can be differentiated 
This Hpression has been gained by several observers 

lhe white portions of the streaks, as opposed to bordering sheaths, are thought 
to be sclera revealed by choroidal and pigment epithelial atrophy \s already men 


tioned, a very similar degeneration is seen in choroidal vessel disease 


Both Leber { and Holm agreed that no better evidence is afforded for the 
vascular and pigmented nature of the streaks than their color variations 


6. Evidence of Vigmentation \Ithough, as Calhoun wrote: “The resem 


hblance of the streaks to the arrangement of the choroidal vessels has long been 


noted,” obyectu are raised te 


identifying the two, for several reasons. First, 


how can one explain the absence of substantiating pathologie findings ? The answer 


to this has already been suggested. Second, if the streaks are vessels, why are the 


edges irregul: 


ir, even serrated, and not smooth. Third, how could there be such 


great variations i width alor the course of one vessel ? \s \Wassenaar pointed 
out, both these characteristics might easily be due to irregularities in the deposition 


of pigment. Fourth, how do the choroidal vessels become visible through an intact 


pigment epithelium? gain, pathologic pigmentation would seem to be the cause, 
in much the same way as It serves to bring out the vessels in cases of Siegrist’s dots 


What other evidence do we have for the role that pigment plays in streak 


formation? Of course, the fact that the major changes in the fundi, apart from the 


streaks themselves and the hemorrhages, are caused by pigment disturbance, often 
of a very peculiar sort, such as the stippling, for example, may be significant. When 
one sees massive accumulations of dark-brown pigment and flaking of exactly the 


same color as the streaks, it is difficult indeed to think of the streaks as other than 


pigmentary. Then, of course, there was the observation, in the first case presented, 


of three parallel streaks which changed abruptly from brownish black to red about 


3 D.D. from the dise and continued toward the periphery as unquestionable 


choroidal vessels, in no way different from those lying on each side. Several of the 


older writers have mentioned the same finding.# Finally, the occasional migration 


of pigment about the retinal vessels in these cases would seem to support the idea 


of a similar migration to the choroidal vessels. It will be remembered that in my 


first case elongated deposits of pigment had formed about two small peripheral 


retinal vessels. Klien wrote in reference to her second case “(ne retinal vessel, 


crossing a large streak, was at first observed to have a sheathing with a greyish 


black pigment. This disappeared in the course of several months.”” Holloway 


observed the grouping of pigment about the terminal branches of macular vessels 


Many writers have seen pigment of the Siegrist type form along red angioid 


streaks.* According to Collins! Lindner “noted that in three of his eight cases the 


streaks were not continuous but consisted of a series of dots arranged somewhat in 


correspondence with the choroidal vessels.” Holm 


followed the development of 


Reference 
© Leber, cited by Holn 


peg he 


* Reference & 20 


1, 23, and 71 
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a typical case of angioid streaks from an early stage in which they bore a striking 
resemblance to Siegrist’s dots. When the condition was fully developed, he wrote of 
this case; “The vessels which formed the continuation of the pigmented areas pre 
ented all the typical criteria of choroidal vessels so as to leave no doubt in the 
observer.” 

Pathologically, pigmented streaks have been demonstrated over sclerosed cho- 
roidal vessels in conditions unrelated to angioid streaks by Lindner,7 Siegrist,” 
and Bayer.t A. Fuchs ™ reported finding obliterated choroidal arteries with a 
covering of pigment epithelium 

Whether pigment enters into the composition of the streaks or not, it is interest 
ing to note that even those authors who question the possibility fall into the habit 


of referring to them as pigmented because of their ophthalmoscopic appearance.§ 


I. Tears Brucu’s MEMBRANE( ?) 

A. Poor Correlation of Streaks with Associated /undus Lesions.—Many of the 
arguments brought im support of the pigmented choroidal vessel theory serve as 
well to refute the Kofler hypothesis. The frequent occurrence of all the associated 
lesions independently of the streaks, whether in other parts of typically affected 
fundi, in fundi of cases in which streaks develop perhaps years later, or in fundi 
of siblings who never develop them, is an example. Further, some of these lesions, 
like transient exudates and linear hemorrhages, are of a type that simply cannot be 
explained on the basis of tears in Bruch’s membrane with mechanical injury to the 
choriocapillaris. Not only may the associated lesions precede the streaks by many 
years, but, conversely, the streaks may be observed for many years without any 
other pathologic changes in the fundi.|| When the associated lesions do appear, the 
streaks themselves may remain entirely unaltered. 

B. Poor Correlation of Streaks with Membrane Tears.—The question of how 
tears become visible in a minute membrane lying under an intact densely pigmented 
layer, 16 times as thick, has already been raised. If, however, these tears were found 
pathologically to coincide with the position of the streaks, one might still give the 
KKofler theory serious consideration ; but in fact they do not.{ It is a common thing 
to learn that few streaks were seen clinically whereas pathologically numerous 
breaks were found in the membrane.# A rather complicated discussion by Hage 
doorn *° of how he reconstructed the outlines of a membrane tear by following it in 
serial sections, thereby showing its resemblance in form to a typical streak, has led 
to the mistaken impression on the part of at least two authors * that he had suc 
ceeded in correlating the positions of the tears with those of the streaks. But this 
has not yet been done. Nor has anybody described a tendency on the part of the 
tears to anastomose. Instead, one gets the impression from the pathologic reports 


that the tears are often random and isolated, unlike the streaks, which always com 
+ Cited by Verhoeff, in discussion on Bedell.* 
t Bayer, cited by Scholz 
§ References 5, 8 and 65 
References 8, 12, 23, and 39 
{ References 42 and 75 
# References 15 and 40 
*k 


References 2 and 


VATURI Ol ANGIOID 


STREAKS 


municate with each other. To make matters worse, the breaks may be artifacts,7 
the result of sectioning, and as such are difficult, if not impossible, to ditterentiate 
from those which existed in vivo. 


C. Membrane Tears Without Streaks.—YTears in Bruch’s membrane are not 
uncommon, nor are they peculiar to the condition of angioid streaks Phey may 
appear in such unrelated conditions as disciform degeneration, juvenile of senile ; 
myopia; traumatic choroidal tears; albuminuric retinitis; choroidal sclerosis, and, 
most important, in many senile cases accompanied by basophilia of the membrane 
Verhoeff and Sisson °° found basophilia and tears “essentially identical” with those 
in Hagedoorn’s case of angioid streaks in 70 of 600 cases chosen at random and 
concluded that the condition was simply a senile manifestation without any special 
pathologic significance. Scholz * mentioned that LO% of 200 cases at The Johns 
Hopkins Hospital showed intense basophilia. These pathologic examinations were 
presumably done on eyes that were normal, inasmuch as ophthalmoscopie examina 
tions were often lacking. If eyes had been deliberately chosen with local (especially 
choroidal) circulatory disturbances, it is probable that these changes in Bruch’s 
membrane would have been discovered in a much higher percentage of cases 

On the one hand, then, we have evidence that tears in Bruch’s membrane often 
occur without angioid streaks, while, on the other, at least two pathologic studies 


on well-authenticated cases demonstrate that streaks may exist without tear 


D. Variations in Streak Width—an Elastic Component In order to account 
for the breadth of the streaks and such complications as hemorrhages, many sup 
porters of Kofler’s theory have found it necessary to assume an elastic component 
\ few thought this was furnished by Bruch’s membrane, but the idea was later 
thandoned when it was realized that the membrane was not only degenerated but 
also calcified. \Verhoett then suggested that the choroid was the source of the 
elasticity which widened the defects. He argued that in the senile cases with rupture 
in the membrane but without streaks the choroid was sclerotic and inelastic, so that 
the breaks were narrow with overriding edges and therefore not visible as streaks 
Such an explanation might apply if, in cases of angioid streaks, defects in the 
choroid corresponded with those in the membrane, but since they rarely do, and in 
fact may be altogether absent, it 1s impossible to understand how the choroid could 
exert any traction 

fo assume that tension from any source is a factor in the production of streak 
poses many questions. The complicated mosaic pattern of the streaks In so many 
cases would result in the release of tension in the more central areas, so that if the 
streaks could form at all, according to this principle, they must necessarily form 
first centrally, then peripherally, a sequence never des« ribed in the literature. Then, 
too. how does one account for the large variations in the width of a single streak, 
the tendency to taper toward the periphery, the absence of widening at streak 
intersections,*’ and the presence of radial streaks when the tears which oecur on 
contusion of the globe are characteristically concentric with the dise ? 

E. Miscellaneous Ouestions._-Why is Bruch’s membrane the only elastic mem 


brane in the eve which is involved in the degeneration, and why, particularly, 1s its 


+Referenc: 


15 and 
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posterior portion, as indicated by the presence of the streaks, posterior to the 
equator? Does this not point to some relationship between the degeneration and 
the choroidal circulation 7 

What causes the streaks to fade, to become thinner, or to disappear altogether,t 
vithout a trace of sear tissue, sometimes in a matter of months, when it is generally 
icknowledged that the breaks in Bruch’s membrane are never repaired ? 

llow doe one explai the er ing by brown or black streaks of white areas 
of choroidal atrophy where no pigment remains § or of white areas of choroidal 
clerosis, as in the second case presented, if the streaks are nothing more thar 
fissures in an opaque membrane Finally, in the same case, how can one account 
for the isthility of the sclerotic choroidal vessels, seen in every detail, if the 


membrane of Bruch is opaque 


lhe nature and origin of angioid streaks are still unsettled questions [hat a 

tenuc elastic tissue degeneration produces generalized vascular disease, as well as 

kin and eve lesion ecm robable \WWhether the fundus vaathology results from a 
] 


perineal deveneration of the membs me ot Bruch with econdary ch yroidal chat yes 


Or irom a primary va cular di order in the choroid leading to secondary and inet 
dental ruptures in the membrane, bearing no ophthalmoscopic relationship to the 
treal is considered at Cone length lhe weight of the clinical evidence cems 
to favor the latter view \ weakne 4 the choroidal circulation with, at first, 
erous and, later, hemorrhagic extravasations, usually aces mpanied by migratior 


of pigment epithelium to the affected vessels, would seem best to account for the 


treal as well as the associated fundus pathology \ choroidal circulatory di 

turbance of thi ort, thet becomes merely the local « pression ol a generalized 
vascular disease Pathologic proof is lacking, but the difficulties of microscopic 
confirmation are indicated Finally, no other theor eems as tenable he tear-in 


membrane hypothesis is incompatible with the clinical picture, and pathologic studies 


when not contradictory, have been inconclusive 
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SOME ASPECTS OF TORSION 


J. V. D. QUEREAU, M.D. 
READING, PA 


+ IRSION has been described by Donders! in 1847, by Listing * in 1854 and 
by Duke-Elder * and many others; yet the subject of torsion remains uncleat 

Of the two types, false and real, false torsion has become a controversial subject 
In its demonstration, the projection obliquely of after-images on a flat wall caused 


distortion, a phenomenon which was finally explained by Le Conte* in 1&8] 


Donders’ and Listing’s laws do not permit actual turning about the anteroposterior 


axis of the eye in moving from a primary position obliquely to a tertiary ‘position, 
but Marques * quotes Helmholtz as believing that such turning does occur. Davson ® 
feels the terms rolling, or real, torsion and false torsion can be used indifferently 
Duke-Elder * draws a clear distinction between them 

The present paper is an attempt to clarify the picture. It consists, first, of a 
description of false torsion, and, second, it describes a sunple method of observing 
real torsion objectively 


rsion of after-images, projected on concave spherical surface 


From the Department of Ophthalmology, Reading Hospital 
Read at a meeting of the College of Physicians of Philadelphia, Section on Ophthalmology, 
Oct. 22, 1953 
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Fig. 2.—Composite photograph showing model ot a lett eye 


rotating around axis 45 degrees 


from the vertical \ the eye rotates, the camera 1 moved around the model In the middle 
icture the camera is situated to the right of the stand. In the last picture the camera is behind 
the stand. and the eye, having rotated through 180 degrees, is looking directly backward Lhe 


vertical meridian of the cornea has undergone 90 degrees of torsion and has become horizontal 


It is universally agreed that when the normal eye moves obliquely trom a primary 


to a tertiary position, the vertical meridian of the cornea tilts. The end ot the vertical 


corneal meridian which ts nearest the original primary position 1s always tilted 


lightly toward the original primary position. Maddox * calculated the amount of this 


tilt. When the eye is rotated obliquely 15 degrees in the 45-degree direction, the tilt 


is | , when rotated 30 degrees it is 4° 6’, and at 45 degrees the tilt is nearly 10 


This is fals 


as 


e torsion. It can be seen objectively by separating the lids widely and 


a line of reference on the eyeball an imaginary line from 12 to 6 o'clock, 


marked by a conjunctival vessel above, the pupil in the middle, and a vessel below 


Porsion then becomes noticeable when the eye is made to rotate in an oblique cardinal 


direction, The larger the area of the eyeball exposed, the easier it 1s to see torsion 


There is nothing unusual about false torsion. It occurs when the 


eve ball or any 
other 


phere revolves around an oblique axis (Fig. 2). Suppose the lett eye is to 
revolve about an axis 45 degrees from the vertical. As the cornea begins to move 


upward and outward, the vertical corneal meridian begins to undergo apparent 


extorsion. [If the rotation of the eye could continue through 180 degrees, until the 


eve looked directly backward, the vertical corneal meridian would undergo 90 degrees 
of extorsion and become horizontal. 

It must have been thousands of vears ago that the mind began to see objects in 
terms of vertical and horizontal lines—-the dimensions of a room or the 


We are still using this planar coordinate system of vertical and horizontal lines t 


orient the surtace markings of a rotating sphere, like the eye. We use the horizontal 


wid vertical lines as references against which to judge the presence of torsion. Com 


horize 


pared with these lines, the corneal meridians do tilt, and the amount of this tit can 
he calculated in advance by trigonometry; but this tilt and these calculations are 


only measurements of the amount by which a planar coordinate system dos 
i spherical situation. False torstor i consequence of using the planar coordinate 
ten (ig 3A) 
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lo observe accurately rotations of the eyeball, we must surround the eye with 
a spherical system of coordinates. All observations and measurements should be 
made in accordance with this spherical system. False torsion would then not exist 
The ribs of an umbrella are an example of a spherical coordinate system 

The perimeter uses a spherical coordinate system. If one produces a vertical 
after-image and projects it on a wall, false torsion will appear when the eye is moved 
in oblique directions; but if the after-image is made to move along the are of a 
perimeter set obliquely, using the edge of the perimeter arm as a reference line, even 


though the image tilts, it will maintain a constant a 


ile with the perimeter edge, 
showing that judged by the spherical coordinate system there is no false torsion 

The lines of longitude and latitude on a globe map of the earth are a spherical 
oordinate system (Fig. 32) 

When we look for torsion, this system should be made in the imagination to 
surround the eye in such a way that the globe map is turned on its side and the north 
pole coincides with the primary position in front, the south pole with the posterior 
pole of the eve. No matter in which direction the normal eye is then made to rotate, 
the vertical and horizontal corneal meridians will maintain a constant angle with the 
meridian of longitude along which the cornea 1s traveling. When the eye is viewed 
through this system of coordinates, there will be no false torsion of the eyeball even 
though the vertical meridian of the cornea becomes horizontal after it has rotated 
through 180 degrees ( Figs. 4 to 8). Any real torsion of the eyeball around its antero 
posterior axis immediately results in a change of the angle between the corneal 
meridians and the line of longitude along which the cornea 1s moving 

It is easy to view rotations of the eye through an imaginary spherical coordinate 
system (Fig. 94). If the circular line of longitude along which we intend to rotate 
the eve, and will therefore use as a reference line to detect real torsion, is viewed on 
edge, it will appear as a straight line (Fig. 98). If we sight along this 45-degree 
meridian, for example, it now appears as a straight line running in the direction of 
rotation of the eve. When this line is compared with a coincident imaginary line 
from a conjunetival vessel to the center of the pupil, any slight torsion of the eyeball 
can be detected. This will be real torsion, for false torsion is entirely eliminated from 
the picture. Real torsion is usually slight im amount, and it would be impossible to 


recognize it if false torsion were not eliminated in this way 


big 3 1, planar coordinates behind sphere spherical coordinates 


ge 


i 4 (left) \ transparent plastic hemisphere has been placed over the model eye. On the 

rfac it ere has been painted the 45-degree meridian of longitud This pamted line actu 
i epresents the edge of a plane which passes through the center of rotation of the eye and 
fort in angle of 45 degrees with the horizontal plane. The vertical corneal meridian forms at 
invle of 45 degrees with this 45-degree meridian of longitud 

big (muddle ) Phe eye has begun to rotate upward and outward. The camera has beer 
moved from the front to the side of the stand. The vertical corneal meridian has begun to tilt 

ckw 


ise, but it still maintains an angle of 45 degrees with the 45-degree meridian of longitude 


hig. 6 (right) Phe left eye has now rotated upward and outward 90 degree The vertica 
corneal meridian has undergone clockwise rotation, or false torsion, of 45 degrees if judged by the 
planar coordinate system. When judged by the spherical coordinate system, however, no torsiot 
has occurred, for the cornea maintains the same angle (45 degree vith the 45-degree meridia 


is before rotation began 


The absence of false torsion when sighting along this oblique meridian of the 
direction of rotation proves that false torsion does exist when the eye is vi wed 
ivainst the conventional planar coordinate system. If the eye were not undergoing 


false torsion, that is, if the extraocular muscles were neutralizing it, then in this 


meridian, which does not show the false torsion, there would appear real torsion, 


produced by the corrective action of the extraocular muscles 


OBJECTIVE DETECTION OF REAI PORSION 


The objective detection of torsion is difficult and requires practice, but 
| | 


so does 


the recognition of small amounts of heterophoria by the cover test 


In order to see small amounts of torsion objectively, the lids should be separated 
videly, exposing a large area of the eyeball; the opposite eye should be covered 
With use of a bright light, a conjunctival vessel 1s 


elected such that an imaginary 
ine from it to the center of the pupil coincides exactly with the proposed direction of 


rotation. If the eye is made to rotate precisely along this imaginary line and if the 


observer sights along this line, in line with it and the center of the eye, 
amounts of real 


very small 
torsion can be detected, even though they may occur only far out 
into the field of fixation 

The smallest amount of muscle weakness in which | have been able to detect 


torsion objectively occurred in a patient with paresis of the left superior rectus 


causing 4 degrees (8 4) of right hypertropia in eyes up and left. In this direction 
of gaze with the right eye covered, slight extorsion of the left cornea could be 
detected, as though the left inferior oblique were helping to raise the left eve. There 
was the same amount of extorsion in eves up and right. This observation of extorsion 
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Fig. 7 (leit) Phe eye has rotated through about 160 degrees. The vertical corneal meridian 


has become almost horizontal, judged by the planar coordinate system, but still maintains a con 


stant angle with the meridian along which it moves 


Fig. & (right) The eve is now looking backward. The cornea has undergone 90 degrees ot 


false torsion according to the planar coordinate system. Since it still maintains its 45-degre 


angle with the 45-degree meridian of longitude, there has been no false torsion according to the 


spherical coordinate system 


Was proved correct by the diplopia test. The patient, a diabetic, had recently acquire d 
the paresis and did not suppress the false image 

If the normal eye is rotated upward and outward, upward and inward, and down 
ward and inward, there is no objective appearance of torsion when the correct 
method of observation is used. When the normal eye is rotated far downward and 
outward, however, there is normally slight real intorsion. This may be due to action 
of the superior oblique, for it was absent in a patient with paresis of the superior 
oblique, although present in the opposite normal eye, Ina patient with 4 are degrees 
of left hypertropia in eyes down and left, due to weakness of the left inferior rectus, 
the normal intorsion in this quadrant was exaggerated when compared with the 
other side. Apparently, this exaggerated intorsion resulted from the efforts of the 


superior oblique in assisting the weak inferior rectus to turn the eye down 


Fig. 9 {, spherical coordinate, viewed from the side 

pherical coordinate viewed “on edge.” It then appears as a straight line. [If the observer 
vill sight along the direction of rotation of the eye, he will be sighting along the meridian ot 
longitude over which the cornea is traveling. An imaginary line from the center of the cornea 
to a conjunctival vessel lying exactly in the direction of rotation of the eye will coincide with 
the meridiar f longitude along which the cornea is moving. False torsion will not appear 
Real torst vill | y itself as a change of angle between the line trom conjunetiy il ve el to 
center of cornea, and the direction of motion of the cornea, the spherical coordinate 
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COMMENT 


Most of the torsion seen objectively is caused by action of the synergist of the 


paretic muscle. The plane of muscle action identified by corneal torsion is the plane 


of action of the synergist 

The detection of torsion should be used as an adjunct to the cover test. If the 
cover test reveals, for example, an equal amount of right hypertropia in eyes up and 
left and in eyes down and left, it is difficult to determine whether the left superior 
rectus or the right superior oblique is paralyzed. Extorsion of the vertical corneal 
meridian will result from paresis of either of these muscles, but for paresis of the 
superior rectus the extorsion will appear in the upper fields, while for the paretic 
superior oblique it will appear in the lower fields 

To these two tests should be added the observation of head tilt and use of 
Lielschowsky’s * head tilting test, as elucidated by Adler.’ In this test, when the head 


is suddenly forcefully tilted to the paralyzed side, if the superior oblique 1s paretic, 


the paralyzed eye will shoot upward, owing to the unopposed efforts of the superior 


rectus to produce the normal postural intorsion for this position of the head 


SUMMARY 


from the observation by using a spherical system of coordinates 


In order to see real torsion objectively, it is necessary to eliminate false torsion 
lo employ a spherical system of coordinates, the eye must be rotated precisely 
along an imaginary line from a conjunctival vessel to the center of the pupil. The 
observer must sight along this line, keeping his eve directly over it and in line, as 
well, with the center of the eye 


CONCLI IONS 


The objective detection of torsion should take its place as an adjunct to the cover 


test and the observation of head tilt in the diagnosis of vertical strabismus 
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XEROPHTHALMIA 


DANIEL G. VAUGHAN Jr. 
SAN JOSE, CALIF 


H REE cases of xerophthalmia, an almost forgotten ocular disease in the United 


States, have been observed at the University of California Hospital eye clinic in 
the last five years. Two of the three resulted from antiallergenic diets; the third 
followed a congenital bile duct obstruction. In each case recognition of the character 
istic eye lesions led to early diagnosis and to the successful treatment of the avita 
minosis. In addition, two adult cases of vitamin A deficiency resulting from low 
vitamin intake in chronic alcoholism and one case in a 15-year-old boy with mal 
nutrition were recognized from the presence of Bitot’s spots 

Some of the terms used in connection with this disease have been variously 
interpreted; to avoid confusion, they will be defined according to their use in the 
ensuing discussion, as follows 

Xerophthalmia+s the general term applied to a pure vitamin A deticiency disease 
of the eye characterized in its early stages by night blindness and a lack of con 
junctival and corneal luster; a secondary conjunctivitis supervenes and accompanies 
increased conjunctival drying and such corneal changes as opacification, ulceration, 
and necrosis 

Xerosis is the term used to indicate drying of the conjunctival and corneal tissues 
from any cause. Xerosis in vitamin .\ deficiency has a singular appearance, as will 
be noted later in this paper 

Keratomalacia occurs in advanced xerophthalmia and refers to the softening, 
ulceration, and opacification of the cornea which develop as a result of prolonged 


vitamin A deficiency ; it may terminate in perforation 


HISTORICAL REVIEW 


Xerophthalmia has been a recognized clinical entity since the 19th century B. ( 
but the first accurate description of it was made by Albrecht von Graefe in 18662 
\ sound experimental approach to the disease was made in 1906, when Falta and 
Noeggerath * reported the occurrence of conjunctivitis in rats on deficient diets 
In 1908 Knapp * studied a series of poorly fed animals with bilateral ophthalmia 
characterized by corneal turbidity and ulceration. He predicted that the cause 
would be found to be dietary 


In 1912 bunk * suggested the name wvitamine for certain essential nutritional 
elements, and in 1915 McCollum and Davis ® produced ophthalmia and inanition 


From the Department of Ophthalmology, University of California School of Medicine, 
San brancise 


Read before the Section on Ophthalmology at the 102nd Annual Meeting of the Ame 
Medical Association, New York, June 2, 1953 
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in rats by giving them a fat-free diet and restored them to health by means of 
tandard rat menus. McCollum * later contributed the term “xerophthalmia” and 
howed that the disease was due to lack of fat-soluble vitamin A. In 1920 Osborne 
ind Mendel *® reported their confirmatory experiences with 1,000 rats on vitami 

deficient diets. They found that the characteristic ophthalmia occurred exclusively 
in rats on diets deficient in vitamin A and that the eyes could be cured within a 
week by administration of only 100 mg. of butter fat. They noted that young deficient 
rats needed more vitamin A for treatment than mature deficient rats, and that when 
vitamin A was removed simultaneously from the diets of both young and mature 
rats, the disease symptoms appeared first in the young animals. A similar observa 

tion was later made on human subjects by Blegvad,’ who reviewed the subject of 
xerophthalmia in 1924 and presented 447 cases he had collected in Denmark between 
1909 and 1920. Infants from 3 to 8 months of age were found to be most susceptible ; 
those younger than 3 months rarely developed the disease 

Mistribution and Incidence.—Xerophthalmia is a result of subsistence on food 
low in vitamin A. Blessig (1866), cited by Leber,” saw many cases associated with 
Lenten fasting in Russia. Mori,'’ and later Ishihara,'' found numerous cases in Japan, 
most of them in babies about a year old who were being weaned. In 1857 the mem 
bers of Livingstone’s '* exploration party in South Africa suffered from the disorder, 
and McKenzie ** observed a great many cases among South African natives. Pillat 
studied 3,000 Chinese soldiers in 1929 and found 91 with xerophthalmia in one 
stage or another. Wright’ reported keratomalacia as the commonest cause of 
preventable childhood blindness in India. 

The most recent study of blindness in India was made by Somerset and Ghose ™ 
in 1950. They found xerophthalmia to be the etiologic agent in 8% of 1,431 cases 
of bilateral blindness, as compared with 5.2% of cases of blindness from trachoma 
lLack of milk was believed to be the fundamental factor. Somerset + regarded the 
xerophthalmia chiefly as a manifestation of chronic deficiency disease and stated 
that no instances of pure avitaminosis were observed in the Bengal famine of 1943; 
emaciation developed swiftly, without the usual signs of deficiency in vitamin A, 
(, or D). Holmes reported that he saw “several hundred” cases of keratomalacia 
during a visit to India in 1952. Field '* described the immigrant Indians in Malaya 
as suffering from “xerophthalmia, night blindness, and multiple infections.” 

In 1930 Weech '® recorded 13 cases of xerophthalmia in American children, 
and Spence °° reported 17 cases in 1931. A search of the literature has revealed 
only one American report since then, and it may certainly be assumed that the 
disease is now rare in this country 


CLINIC 


\l 


CILARACTERI 


rics 

In 1929 Pillat *! wrote an excellent essay on the clinical appearance ol xeroph 
thalmia in Chinese adults, and much of the following description has been excerpted 
from his paper 

Xerophthalmia develops characteristically in four stages, as follows 

1. Night blindness is the earliest symptom. It varies greatly in severity and 


may exist with or without xerosis 


* Referen 


ommunicatt 


| 
ces 6 and 7 
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XEROPHTHALMIA—REPORT OF THREE CASES 

2. Xerosis of the conjunctiva follows night blindness in most cases. The xerosis 
of vitamin A deficiency has four distinct components 

(a) Bitot’s spot, described by Pillat,** is a triangular, white, foamy spot in the 
palpebral fissure, standing out from the otherwise normal bulbar conjunctiva, its 
base at the limbus and its apex directed toward the outer canthus. It usually 
appears temporally first, as a spot 3 to 4 mm. in diameter, and extends superiorly 
and nasally as the disease progresses 5 

(b) Plaque formation is the second component of conjunctival xerosis in 
vitamin A deficiency. The large, white, irregular plaque, which may be regarded 
as a giant Bitot spot, enlarges first toward the inferior fornix and then superiorly 

(c) Loss of luster is an early sign of conjunctival xerosis. In its subtler 
form the dryness can be accentuated by holding the lids open momentarily 

(d) Wrinkling in characteristic furrows concentric with the limbus 1s an 
invariable late manifestation of conjunctival xerosis in vitamin A deficiency and 
indicates a loss of conjunctival elasticity. 

3. Xerosis of the corneal epithelium is the third stage in the development ot 
xerophthalmia. It is divided into prexerosis and true, white xerosis. l’rexerosis 
is characterized by loss of corneal luster and reduction in corneal sensitivity. True 
xerosis is an extension to the cornea of the conjunctival xerosis. Prexerosis 1s 
easily reversible but if untreated will progress to true xerosis 

4. Keratomalacia is the late, severe stage of xerophthalmia, in which the cornea 
becomes cloudy, soft, and ulcerative; perforation with subsequent panophthalmitis 
is a serious threat. 

PATHOLOGY 

Microscopic study of the scrapings from a Bitot spot shows large, keratoti 
epithelial cells with pale, indistinct cytoplasms and fragmented nuclei, Keratinized 
squamous epithelium has replaced the normal columnar conjunctival epithelium 
Xerosis bacilli are numerous. According to Mori,** the conjunctival goblet cells 
are destroyed in the course of the xerotic process. Similar epidermoid changes in 
the epithelium of the lacrimal gland lead to a diminution of tears, and this contrib 
utes to the generally dry state of the conjunctival sac and encourages secondary 
infection. The ducts of the Meibomian glands show cystic dilatation and are filled 
with a fatty, glandular secretion and degenerated epithelial cells 

Wason ** described the microscopic corneal changes as hyalinization of the f 
epithelium, degeneration of Bowman’s membrane, and infiltration of cells and 
edema fluid into the stroma. This is associated with invasion of blood vessels and 


fibroblastic proliferation. The epidermoid changes *° are followed by trophic dis 
turbances, corneal ulceration, and, ultimately, perforation unless the process 1s 
reversed. Secondary infection hastens the destructive process 


rREATMENT 
In Peiping, Chu and Lin *° treated nine patients (three infants and six adoles 
cents) who displayed one degree or another of xerophthalmia. Improvement was 
always evident within two days of the imitiation of parenteral treatment with vita 
min A concentrate. The authors found that beneficial results from a single dose 
sometimes lasted as long as two months. When there was secondary infection, vita 
min A alone would not stop the destructive process in the cornea. Spence *° cured 
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xerophthalmia in its early stages by adding 10 cc. of cod liver oil to the diet daily. 
Somerset,~ a recent investigator of this subject, wrote that once corneal ulceration 
had occurred, visually important scarring was inevitable. He felt that the mild diar 
rhea usually accompanying the disease made oral vitamin A therapy useless and 
that consequently the route of administration should be parenteral. He recom 
mended a daily dose of not less than 100,000 units and stated that in early cases 
clinical response to this dose would be demonstrable within 24 hours. Somerset 


also reported seeing a considerable number o 


Bitot spots in Calcutta in children 
who showed no signs of avitaminosis. These lesions failed to respond to any type 
of therapy, including massive doses of multiple vitamins, and, in the author’s 
opinion, could be regarded as sequelae in eyes in which the mucous glands had been 


destroved in the course of some previous disease proce SS 


REPORT OF CASES 


Xerophthalmia in Three Infants—Case 1 (P. FE. #0154452).—The parents brought their 
4-month-old son to the University of California clinic because of his yellow color. They had 
first noticed a slightly yellowish tinge to his skin eight days after birth. They stated that he was 
lethargic and had clay-colored stools. At 6 weeks of age his eyes had become red and the 
corneas cloudy. These signs had gradually increased in intensity. No vitamin supplements had 


been added to the formula 


family history was negative 
Examination revealed a deeply jaundiced white child who was drowsy, irritable, and listless 


Eye Bitot pots and conjunctival wrinkling, more marked temporally, were seen in both 
eye Both corneas were gray and lusterless. A deeply staining, 3-mm. central ulcer involved 
the right cornea, and a hypopyon filled the lower third of the anterior chamber. There was no 
true ulceration of the left cornea, but there were several areas of superficial staining. The left 
anterior chamber was clear. Conjunctival redness made it difficult to tell whether or not the 


cievTa vere yellow. 


kin.—The skin was a deep yellow but cleat 
lhbdome) The liver was ] ilpated 5 cm. below the rib cage 
Laboratory Studies——Conjunctival smears showed numerous xerosis bacilli (Bacillus xerosi 
{Corynebacterium xerose|) and keratinized epithelial cell The icterus index was 110 
Diagnost Congenital biliary atresia erophthalmia with bilateral keratomalacia and 


right eye 


(1) Calciferol (Drisdol,§ containing vitamin A), 6 droy (0.2 ce orally 
daily for six days only; (2) multiple vitamin concentrate (vitamn \, B, D, E, and ¢ 0.5 ce. 
orally twice daily from sixth day until discharge from hospital; (3) sulfacetamide drops and 
ophthalmic vitamin A and D ointment (White’s) in each eye four times a day; (4) atropine, 
0.5%, 2 drops in each eye twice daily 

Climcal C ours After one week of treatment the conjunctival redne had disappeared and 
the scleras were unmistakably yellow. At this time the vitamin A blood level was 30 L. U.|| The 


left cornea was clear; the hypopyon had diminished in the right eye, and both conjunctivas 


t Somerset, E. J Personal communication, from Calcutta 


‘ Drisdol is a vitamin supplement which is distributed in two forms under one name (1) 
Drisdol in propylene glycol, which is crystalline vitamin Dz (calciferol) and contains 10,000 
U. S. P. vitamin D units per gram, and (2) Drisdol with vitamin A in oil (water-dispersible), 
which contains 1,250 U. S. P. vitamin A units and 250 U. S. P. vitamin D units per drop. It 
might be helpful if these two preparations carried differentiating numbers after the name Drisdol 
or if they carried different names 


Normal level, 50 to 150 I. U. per 100 cc. of plasma 
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and corneas had more luster. Surgery was delayed until 14 days after admission because of an 


associated pneumonitis. A choledochoduodenostomy was then performed, and the patient was 


discharged five weeks after admission. The vitamin A blood level had returned to normal (79 


I. U.). On a return visit, six months later, there was no jaundice and the eyes were normal 


except for a small central opacity in the right cornea. Reexamination five years later revealed 


little change in the corneal opacity 


CasE 2 (M. D. #0175410) This 5-month-old baby was referred to the University of 


California Hospital by the family physician for the care of a persistent ulcer in the left eye 


History.—When the baby was 4 months old, the parents had first noticed an “irritation of 
his left eye.” In the next few days both eyes had become swollen and red and the “surface 
looked rough Their personal physician stained the left eye with fluorescein and tound the 


cornea completely denuded of epithelium and deeply ulcerated slightly above the central pupil 


lary area. Penicillin and sulfacetamide drops were administered. The cornea cleared around the 


ulcer in three or four days, but during the following week bronchopneumomia developed, with 


fever and a severe cough, and the baby was hospitalized for 16 days. While he was in the hes 


vital, the ulcer was cauterized with iodine. The results were poor, and the cornea again became 
| 


hazy over its entirety and failed to respond to instillation of atropine drops, oral use of chlor 


tetracycline (Aureomycin), or foreign protein therapy with Omnadin.4 


Che baby had presented a feeding problem since birth. He was given evaporated milk for the 


first weeks of life, and then goat’s milk when he was found to be allergic to the canned milk 


He was later shifted to Mull-Soy # because of wheezing, sneezing, and rhinitis. These symptoms 
disappeared, but there was no gain in weight. Supplementary feeding had consisted of the 


following: (1) ascorbic acid, one tablet daily; (2) an iron preparation, 5 drops (0.3 ec.) daily ; 
I | 


(3) Drisdol (without vitamin A), 5 drops daily; (4) crushed pears and oz. (15 gm.) barley 
] 


daily, and (5) puréed carrots occasionally 


The maternal grandfather asthma and hay fever 


Examination (on admission to University of California Hospital) e infant was pale, 


slightly underdeveloped, but well nourished 


Lye Che right eve had a Bitot spot on the temporal bulbar conjunctiva, The conjunctival 


there were a few white, foamy flecks in the lower cul-de-sac but no 


The left eve had a 7-mm. central indolent ulcer, which stained deeply. The bulbar conjunctiva 


many furrows concentric with the limbus; the desiccation was more 


prominent temporally, where there was a large Bitot spot 

Sku The ku Va illow and pale, and there Na a fine, discrete rash over the face and 

Abdomen: The liver was palpable 4 cm. below the rib cage 


Laboratory Studies: Scrapings from the conjunctiva shov 


thelium and many xerosis bacilli. The vitamin A blood level was 15 1. U. per 100 ec 


ved keratinized conjunctival epi 


\vitaminosi valmia ulcer, left eye, and (/) 


with (a) xerophtl 


Vitamir 


vitamin A and D ointment (White's), three times daily in each eye (3) vitamins A and D 


100,000 units intramuscularly, single injection ophthalmic 


(Zymadroy 25 drops (0.9 cc.) orally daily for nine days, and 15 drops daily thereafter 
Clinical Course There was a spectacular improvement in the eyes within 48 hours, and the 
skin rash cleared in 5 days. In one week the Bitot spots had disappeared and the corneas and 


conjunctivas had regained their normal luster. In three weeks the vitamin A blood leve 


{ A sterile solution of protein substances obtained from nonpathogenic bacteria 


# Mull-Soy is a liquid hypoallergenic soybean food manufactured by the Borden Company 


for use as a milk replacement in feeding infants, children, and adults. It closely approximates 


hole cow’s milk in fat, protein, carbohydrate, and mineral content when diluted with an equal 


quantity of water. Since vitamins may be specifically allergenic, Mull-Soy contains none. In 


infant feeding the required amounts of iron and vitamins must be provided from other source 


as recommended by the physicia 
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{ er 100 ec. The corneal ulcer in the left eye cicatrized gradually. Follow-up clinical 
yra taken three years later ved a rmal 1 t eye a small corneal scar in the 
R. B { x4] Phi nonth-old child is admitted to the University of 
rnia H ital because of red eye illergic manifestatior i feeding problem, and a bulg 
tanel. He had had red eye ince the age of one eek, and there had been associated 
i scanty discharge, and some yg rogression of the redness during the eeks prior 
been treated with penicillin drovs. without benefit 
red a feeding problem from birth and had gained weight very 
iller to his formula, he ven Mull-S ind = Drisdol 
ve of one eck. When he was 4 mont old, the mother noticed 
mp rally over the vhite ol e€a h eve The ‘ eemed to increase 
lwo days prior to admission the referring physician noted a 
is basis the child is admitted to t neurological servi 
i it revealed a ma active pa nont old infant neither acutely 
chron il y ill 
ul-— lhe head measured 39.7 en third percentile bel rmal) in its greatest diametet 
terior fontanel measured 4 by 6 ¢ i as bu Bef terior fontanel is closed 
| corneas showed a lack of luster but no staining a oO ulcerati Chere were 
il Bitot sy temporal] both ey The conjunctivas in t e area re dry and 
kled ith furre concentric to the limbus and extending around the superior limbus to 
isa wle lhere wet i te floating \ t dr fleck 1 the lowe cul-ce ic of eat eve 
" Ihe sl} i n t ind clear, a there er er clinica t vita \ 
/ kull film howed widenmme of the cranial iture typical of increased intra 
il ure 
thorator tude The conjunctival scrapings showed many xerosis bacilli and keratinized 
il cell blood agar cultures from the conjunctivas were negative 
agnost Nerophthalmia 
reatment.-(1) ascorbic aeid, 10% solution, 10 drops (0.6 ce.) orally twice daily; (2) A 
1) 


vitamin concentrate (haliver oil, unfortified), 20 drops (1.3 cc.) orally daily 


meal Course The patient was discharged from the hospital one day after specifi 


treatment was imstituted and was not seen again by the University of Calitornia Hospital staff 


Treatment was to be continued at home, however, and the referring physician reported by letter 
that the child’s eyes cleared up within 10 day They have remained clear to date, and the child 
is been m good physical condition 

lenfamion lin Two Adults and One ldolescent | CA 4 (private patient \ 
13-year-old housewife had been a chrome aleoholic for several year Her eye complaints 
mecluded poor vision, meht blindness, and ocular inflammation, and irritatior xamuination 
revealed a corrected visual acuity of 20/304 in both eyes. Slit-lamp examination revealed well 
eveloped Bitot spots temporally in both eyes and the generalized diminution of conjunctival and 
corneal luster characteristic of prexero Scrapings from the spot howed keratinization of 
t 


ithelium and abundant xerosis bacilli 
¢ patient's general nutrition seemed fair, but her personal physician concurred in_ the 


is of avitaminosis A and placed her on vitamin A supplements and therapeutic Multi 


Vitamin capsules. He was unable to modify her chronic alcoholism in any way, but over a 3 
month treatment period there was improvement in the ocular sigt rhey did not entirely dis 
appear, but vision rose to 20/254 in each eye, probably as a result of improved corneal trans 


parency. The patient did not notice any change in her poor night vision 


& 5 (private patient) \ 52-year-old laborer and chronic alcoholic of many years 


on was hospitalized because of the clinical igns of pellagra He was referred for 


ophthalmological study because of poor vision. A bilateral neuritis with characteristic central 


cotomas was found and was believed to be a result of vitamin By deficiency. The external eye 


of prexerosis were also in evidence, including Bitot spots and loss of corneal luster. Epi 
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thelial scrapings from the spots showed advanced keratinization of the epithelial cells and over 
growth of xerosis bacilli. Treatment with vitamin supplements over a period of several months 
led first to disappearance of the prexerotic signs and eventually to partial recovery of central 


vision 


Case 6 (private patient \ 15-year-old farm boy was hospitalized because of advanced 
malnutrition, Analysis of his diet indicated a dietary insufficiency extending over a_ period 
of more than six months, the result of extreme poverty coincident with his father’s illness 
and consequent crop failure he child showed no fundus or field changes but had well 
developed Bitot spots, with mild but definite corneal epithelial changes. On an adequate diet 
supplemented with 25,000 units of vitamin A daily, the eye changes gradually disappeared over a 


six-week period. 


COMMENT 


The first case in this series was an example of the development of xerophthalmia 
consequent to an inadequate intake of vitamin A and to its lack of absorption in the 
gastrointestinal tract. Congenital atresia of the common bile duct led to failure ot 
the bile to enter the duodenum. In the absence of bile there was no absorption of 
the vitamin A present in the formula. 

The second case arose from a dietary deficiency in a well-organized household 
Mull-Soy was used effectively to control the allergic symptoms, but the supplemen 
tary vitamins did not include vitamin A. The large corneal ulcer in the lett eve 
healed with only a relatively small residual leucoma; the keratomalacia in this case 
was thus at least partially reversible. As in Case 1, the complicating pneumonia was 
a logical consequence of the inevitable keratinization of the bronchial epithelum. At 


the time 


f writing this patient has a small, central opacity of the anterior capsule 
of the lens. A similar sequela from severe cases was recorded by Pillat 

The third care demonstrated that xerophthalmia can masquerade as a catarrhal 
conjunctivitis, a feeding problem, or a central nervous system disease. Once again, 
Mull-Soy was used as the nonallergenic formula with vitamin supplementation in the 
form of Drisdol of the type containing vitamin D only 

The enlarged liver in Cases 1 and 2 and the widening of the cranial sutures in 
Case 3 were interesting associated manifestations. Cornfield and Cooke ** observed 
both these signs in their case. Pertinent to the small head size and the bulging fon 
tanel, it is noteworthy that Wolbach and Hegsted ** restricted vitamin A in the 
chick and observed balanced retardation of osseous growth and failure of the cranial 
bones to keep pace with brain growth; this led to herniation of the cerebellum and 
cerebrum, with the same signs as those shown by a space-occupying lesion of the 
brain. 

In substantiation of the theory that a child cannot be sustained in good health for 
any appreciable period without its essential nutritional elements, all three infants in 
this small series developed eye abnormalities before they were 3 months old. None 
of them showed any hair-follicle hyperkeratosis, but the adult with pellagrous 
signs had typical hyperkeratotic skin changes. This observation is interesting in the 
light of the work on adults done by Frazier and Hu *’; the skins of their patient 
were dry and rough several weeks before the ocular symptoms appeared. In con 
trast to the Asiatic disease, as described by Pillat,*® in which 75% of the patients 


with keratomalacia showed conjunctival pigmentation in the lower fornix, this sign 


was entirely absent from the group reported here 
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In view of the importance of an early ophthalmologic diagnosis of xerophthalmia, 


differentiation between a Bitot spot and a neoplastic epithelial plaque is important. 


During the course of this study, a 54-year-old woman was seen with bilateral kera- 


tinized epithelial plaques located at the temporal limbus and simulating grossly 


Bitot’s spots. Serapings from the lesions contained cornified epithelial cells without 


<erosis bacilli The cornea and conjunctiva showed no lack of luster. This is 
J 


regarded as the most important differential sign between the two conditions. There 


was no response to large doses of vitamin A over prolonged periods. For cosmetic 


reasons, the plaques were removed surgically, and microscopic examination verified 


the clinical diagnosis of neoplastic epithelial plaque. Other instances of conjunctival 


and corneal keratinization were observed during the period of this study in connec 


tion with such cicatrizing diseases as ocular pemphigus, trachoma, and membranous 


conjunctivitis; none of these presented any problems in differential diagnosis 


Hickey reported a hyperkeratinization of the Meibomian glands in patients 


with decreased vitamin A utilization which he believed led to chalazion formation 


In the treatment of early chalazia and for the prevention of recurrence following 


chalazion excision, he found the daily administration of 50,000 to 100,000 units of 


vitamin A a successiul procedure. Some support for Hickey’s theory may accrue 


from the apparent trequency with which chalazia occurred in the malnourished, 


vitamin-deficient european children brought to this country in the immediate post 


war period. Three such children suffering from multiple chalazia were seen by me 


and my associates in our offices. On the assumption that hyperkeratinization of the 


hair follicles may induce acne, Straumfjor 


treated a series of cases of this con 


dition with vitamin A ; according to his report, most of them improved 


Nerophthalmia and other severe avitaminoses are rare in the United States 


today, but subclinical vitamin deficiencies are believed to be relatively common 


and to cause considerable chronic mental and physical ill-health. Contributing to 


these theclinical states are chronic illnesses in which there is anorexia and 
decreased phy I logical effectiveness with respect to the absorption torage, and 
utilization of vitamins. Foremost in this group of illnesses are alcoholism, dysen 
tery hepatiti and fibrocystic disease of the pancrea pe ial attention should be 
given to diet in all these conditions. ‘The current wave of dieting for weight reduc 

tion in the United States also calls for watchfulness for nutritional disease lhe 
inhibitory effect of liquid petrolatum | S. on vitamin A absorption shoul 
also be borne in mind. Steigmann and associates found that more than 2.5 ec 


of liquid petrolatum taken three times during the day decreased vitamin .\ abs« rp 


tion in the gastrointestinal tract; they determined also that the usual bedtime dose 


of 30 ce, had no effect on diurnal vitamin A blood level 
\lthough 


country, the diagnosis of xerophthalmia is extremely uncommor The reason for 


children with borderline malnutrition are still to be seen in this 


this 1s not clear, but it may be that almost total vitamin A exclusion is necessary té 


produce the eve signs. At the present time I am observing a 19-month-old child 


who has had no food containing vitamin A for 12 months; the eyes and skin are still 
normal but the vitamin A blood level is 49 I. U. It is possible also that some mild 


cases are overlooked because of unfamiliarity on the part of many physicians with 


the clinical signs of the disease 


7% 


| 
| 


XEROPHTHALMIA 


REPORT OF THREE CASES 


\ note of caution should be sounded as to the danger of hypervitaminosis A due 


to overdosage. Caffey “* reported seven cases of vitamin A poisoning in infants and 


young children ; all of them displayed hyperirritability, tender swellings, and hyperos 


toses, especially of the ulnas and metatarsals. Since then, reports of 14 additional 


cases have appeared in the literature.** The vitamin A requirement for man has not 
yet been determined,* but the daily intake recommended by the Food and Drug 
Nutrition Board ** is 1,500 1. U. per day for infants and 5,000 I. U. per day 
for adults 


SUMMARY AND CONCLUSIONS 


Phree cases of xerophthalmia in infants are reported, one due to congenital bile 
duct atresia, the other two to antiallergenic diets without proper vitamin A: supple 
mentation. In addition, three cases of prexerosis in adults are described, two of them 


in association with chronic alcoholism and the third, that of an adolescent boy, in 


association with the general malnutrition 

Nerophthalmia is manifestly rare in the United States at the present time, but it 
is suggested that a number of cases may be overlooked because of lack of familiarity 
on the part of ophthalmologists and pediatricians with the early ocular signs. ‘Thess 
signs are discussed in detail 

Ophthalmologists should be alert for evidence of avitaminosis A in infants with 
special feeding problems, in children and adults on reducing or antiallergenic diets, 
and in chronic alcoholics and patients with gastrointestinal and liver diseases 


Dr. Phillips Thygeson gave valuable assistance in the preparation of thi 


paper 
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FUNDUS LESIONS WITH DISSEMINATED LUPUS ERYTHEMATOSUS 


M. BRIHAYE-VAN GEERTRUYDEN 
P. DANIS 
AND 
C. TOUSSAINT 
BRUSSELS, BELGIUM 


ISSEMINATED lupus erythematosus is a febrile, usually fatal, disease involy 
ing the ground substance of connective tissue. It may attack any organ of the 
body, and thereby gives rise to an extremely polymorphic group of symptoms 

Because of this generalized predilection for connective tissue, Klemperer, Pollack, 
and Baehr have classified disseminated lupus erythematosus as a “collagen disease,” 
along with rheumatic fever, rheumatoid arthritis, periarteritis nodosa, generalized 
scleroderma, and dermatomyositis. Klemperer has emphasized that this classification 
is purely a morphologic one; it has no pathogenetic significance and does not imply 
that these conditions have a common etiology. 

Disseminated lupus erythematosus must be distinguished from tuberculous lupus 
and discoid lupus (lupus erythematosus discoides), which are purely dermatologic 
conditions, 

Reference to ocular lesions with lupus erythematosus is infrequent, and the 
cases which have been confirmed by histologic examination are very rare. 

The case of lupus erythematosus to be reported here is that of a young woman 
whose fundus lesions we have been able to observe for a year. The protracted course, 
interrupted by remissions, the frequency of the ocular examinations, and the availa 
bility of histologic material provided an unusual opportunity to make an exact study 


of the ocular lesions in the course of the disease 


REPORT OF A CASI 


lirst 


Eight months, and again one and a half months, before her hospitalization there had been 


{dmsston.—The patient was a woman of 26 without previously significant disease 


febrile episodes accompanied by grip, with asthenia, anorexia, swelling of the joints, and, with 


the second epi ode, an erythematous dermatosis These two epi odes remitted pontanes usly. 


On Jan. 24, 1951, the patient entered the hospital (medical service, Prof. P. Govaerts) 


- presenting a recurrence of fever, with temperatures reaching 40 C. (104 F.), accompanied by 


the same symptom asthenia; anorexia; erythematosquamous lesions of the face, lids, ear 

forearms, and leg vith painful joints; signs of endocarditis, and pulmonary congestion. A 
biopsy of the skin, performed by Dr. van der Meiren, confirmed the diagnosis of disseminated 
lupus erythematosu (An “upholstery-tacks” formation wa bserved at the level of the 


epidermis, with erosion of the basal layers; however, no “hematoxylin bodies” could be found.) 


Translated from the French by David G. Cogan, M.D., Boston 


From the 


Department of Pathology (Prof. P. Gerard), the Ophthalmic Clinie (Prof 


Coppez), and the Medical Clinic (Prof. P. Govaerts), of the University of Bru 
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big Course of temperature, weight, sedimentation rate, number of red and white blood cells, and fundus 
In this Figure and in Figure 3, the following abbreviations are used: Ad, total adrenal extract; A, acetylsalicylic 
tomycin, grams a day; Au, oxytetracycline (Aureomycin), grams a day; /’, penicillin, units daily; Sp, white spots in 


globulin) ; Wbe, white blood cells; Rbc, red blood cells; Eo, eosinophiles (broken line with crosses), eosinophiles 
ture, degrees (C.) 
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Fig. 3.—Course of temperature, weight, sedimentation rate, number of 
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lesions during first visit 


acid (Aspirin), grains a day; Ac, corticotropin (ACTH), milligrams a day; C, cortisone, milligrams a day; S, strep- 
fundus; G, left eye; D, right eye; Pr, blood protein, grams per 1,000 cc. (line of crosses, albumin; line of circles, 
per cubic millimeter; sed, sedimentation rate (arrows), millimeters in one hour; wt, weight, kilograms; 7, tempera- 
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eosinophiles per cubic millimeter, and fundus lesions during the second visit. 
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OPHTHALMOLO 


o April 2, 1951), with the 
(penicillin, chlortetracycline [Aureomycin], and streptomycin 


ic septicemia he patient was discharged very 


The sedimentation had fallen to 35 mm. in one hot 


noteworthy that she hi: veral epileptic crises during this 


We ati w the first time on April 17. TI ual acuity 


ve [he anterior seem were normal. In the fundus, small white spots, 


al, with sharp edge , neasuring one-sixth the diameter of the disc, were 
I 


eminated throughout both retina how 10 peripheral pigmentation. They 


were situated within a short distance of large vessels but never covered them. There were 


in the right eye and three in the left eve (Fig. 24). There were no hemorrhages ; 


howed progre 


were markedly ‘ i n the left a 


| IRCHIVES OF ) 
[hie itient was treated wit 
addition of various antibiotics 
improved and afebrile on uly 
J idmission, in March, 1951 (Fig. 1 
adh 
four such spots 
*. » 4 
A 
x “ 
\ 
‘ 
- 
) B 
(| / 
| 
d 
? 
4 
big. 2.- Ophthalmoscopic lesion Diagrams made on April 17, May 16, June 2, and July 
1951 
, the dis vere not edematou the vessel vere normal The pressure of the central retinal 
: irter vas 25/80 gm. (Bailliart units) in the right eye and 25/85 gm. in the left eye 
By April 25, the lesions had markedly regressed. On the right two white spots persisted; 
the other tw ere very pale, being hardly visible. On the left one spot persisted; the other two 
had regressed At t time the itient had been afebrile for the past eight day ind remained 
| 
, o until discharged. The weight curve rose (gain of 14 kg the pulmonary signs had dis 
; appeared, The joimt pains and the cardiac murmur persisted 
Ophthalmoseopic examinations on May 16, June 2, and July 5 sIEPssive disappear , 
ince of the tundus lesion 
May 16. Two lesions on the right persisted 
but is also regressive (big. 22) 
lune 2. On the right there was only one | and this imdistinct; on the left thet va . 
ne | hicl Vas disappearing brig 
f | 


FUNDUS 1 UPUS ERYTHEMATOS| 


July 5. Both fundi \ entirely normal (Fig. 2D) 


Second Admssi ir days after her di larg e patient had a recurrence he tever. 


The anorexia and cutaneot uption reappeares The patient was readmitted to hospital 


Penicillin and streptomycin without effect reatment with corticotropin was begun on 


rtisone and a second series « 


Aug. 18, followed by a cours« a f injections of corticotropin 


(up to Feb. 1, 1952). Fifteen days after beginning of the treatment the eral condition wa 


markedly improved, with a fall in temperature, lessening of the anorexia and asthenia, disap 


pearance of ) pains, regression of the cutaneous lesions, and increase in ght up to Sept 
26, 1951 3). From Oct. 28 the general condition becam« ogressively se, showing 


10 remission despite all therapeutic measures. On Jan. 28, 1952 general t patient 


pale she wa 
edemat: ! of tl kin and a pleural effusion 
striking my 1 By Feb. 2 the gener 


patient died 


Ocular Examination month after the second admission (Aug. 22 ie | li were entirely 


normal. On Sept. 6a retinal lesion similar to that noted in the previous ex: ation had appeared 
in each eye (Fig. 4.4). The subsequent examinations (Sept. 22 and Oct }) \ d rapid 
disappearance th ts in the right eye, without the appearance of any 

4B). In the pe continued up te 


nsiderable improveme 


j N 
/ ¥ 
A y 
(| \ j 
> 
if | 
4 
j | el : 
A 
hig. 4 Opht almoscc pic lesions. Diagrams made on Sept. 6, pt. 22, Oct 73, 
Nov. 11, 195] 
4 enic and anorexi She presented 
The lupus lesior i tl kin were 
il state had turther worsened, and the 2 
of corticotropin, the patient showed cont in both general and local signs, 
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Diayrams made on No 8 c. 14, and Dec 


Diagrams made 


Photograph of the right fundus 


\ fr 
A | A 
Se | / 
\ fe 
od 8 B 
7 <— 4 ‘| ee iy 4 
; 1951, and Jan. &, 1952 
lig. 6 Q)y hthalmosec pu lesions Ft on Jan 16, Jan. 26 Jan 0), Feb 5, and 
Keb. 1 1952 
Fig. on Nov. 7, 1951. Note four white spots 


aiter the dermatologn 
spots (hig. 4C). 


4 and three on 


time of the 


veneral state From 

cutaneous lesions 

the course of the : 
We 


ariy 


t wic appearance numerous 


; olving considerable hyper 
nerve fiber layer retina | | 


diminished corresponding 
vtoid 


magnification, The 


r center 


iv! 


months 
intere 


it would 
ippear. Thi 
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FUNDUS LESION LUI ERYTHEMAT 
and this improvement lasted from Sept. 10 to Oct. 28. On Oct. 23, : 
lesions and the asthenia had recurred, the tundus ved two new ty] 
By Nov. 5 the number of spots in the eye had again increased, four on th 1 i _ 
the lett (Fig. 4D) and remained. the number varving trom 7 t 10 up to th - 
patient's deatl Figures 4 ind 6 show the topography and the evolution of the lesions of E 
the tundus during the second adm n (see a Figure 3 
This aggravation of the ocular status accompamied an aggravation of the 
increased. In Figures 1 and 3 we have indicated, by way of comparis 
temperature, the weight, thi edimentation rate indi the ocular lesions 
indicated the principal therapeutic procedures.* e 
~ 7 
hig. 8—Hi 
trophy of the é 
to the mass of « - 
° 
>. 
| 
' 
= 
| 
ty 
< 
big. 9—Same lesions as those shown in Figure 4, with high Ei cytoid 
ire y ble iving an irregular torn ertaim one t which contain in the a more 
lensely stained area 
In the course i cular examination e never bserve white pot in the region of 
the macula These Ie ! vere alw tuated le than 4 meters from the disc, very f 
iten along a vessel metimes between an artery and a ven ()nl nee did we see a white ; 
spot cover a small retinal vessel, but never did we find a spot beneath a vessel 
\ltl 
It is 
increase perceptibly in distinctne and in pattern, then become pale, regress, and di ae 
* The clinical and tolog letails in thi ise have been noted elsewhere Hii and 
associates ) 


IRCHIVI OF OPHTHALMOLOG) 
disappearance was complete There was a conspicuous absence of pigmentation. But if the 
evolutionary aspect of these spots wv Na milar, their duration was very variable. W 
have seer me of them appear and disappear u day vhile others had a cycle lasting as 

mg as 81 days (Figs. 1 and 3). We sa ngle retinal hemorrhage adjacent to a typical 
vhite spot in the right fundus (Jan. 16, 1952) ; this disappeared in less than 10 da Papillar 
dema was noted on the first admi n (April 3, 1951); 14 days later it had disappeared anc 
never reappeared. At the last examination, a few hours before the death of the patient, we 
found blurring of the left papillary border and slight dilatation of the veit 
» other ocular lesion was noted nically ve found no anomalie f the anterior seg 
ment there no involvement of the conjunctiva or of the uvea. The lar motility wa 
al rmal 
Inatomicopathological the skin were found the ematoxylin bodies 
whit ire pathognomonic of disseminated lupus erythematosus (Gross, Klemperer Beside 
ve observed the “wire-loop” lesions in the glomerular layers of the kidney, along with peri 
urterial fibrosis in the spleen. Lesions of the last two types are very common in lupus ery 
thematosus but may be encountered in other conditior 
The eyes were removed a few hours after death and fixed in Zenker’s ition. One wa 
embedded in paratthin and the other in celloidin Serial sectior were cut at 10 to 15 # ane 
liv. 10.—Mass of three “cytoid” bodies, not causing hypertrophy of the nerve fiber laye 
tame variously: with hemalum and eosin, trichrome stain, toluidine blue 
the MacManus and Feulgen methods 
The vari lavers of the retina presented a normal arrangement. > regior ve 
ne f hypertrophy of the nerve fiber layers, producing an ovoid shape of the sectior Lhe 
re ere made up of the conglomeratior ot “eytoid bods globular ement ituat 
het nt el fibers, the volume of whi it times was twice that of a gang ‘ Cert 
1 the bodies were made up of a ma f irregular form, taking acid sta ! iformly 
othe (Figs. 8 and 9) presented in addition a denser zone of staining in tl enter 1 
not have the propertic fa nucle Feulgen-negative acidophilic 
wse cytoid bodte metimes grouped in a tremendous conglomeratio1 I ‘ t 
thre hite spot een in the tundu Some grout fi two or three cytoid bods not ral t 
irface of the fiber layer and were probably not visible ophthalmoscopically (Fig. 10) 
Neuroglial cells were found in these conglomerations in variable number metimes Vv 
ihundar metimes scarcely increased in number. Corresponding to the conglomeratior 
the cytoid bodies the number of ganglion cells was decidedly diminished. The nglomeratior 
ver metime ituated at the level of a vessel, but we ive never seen al mmediately 
nected with the branches of a vascular tre 
Certain retinal and choroidal vessels sl d slight thickening of their ills accompanied by 
hvaline degeneration beneatl the endotheliu 
ROG 


FUNDUS LESIONS—LUPUS ERYTHEMATOSUS 


rhe other layers of the retina, the sclera, and the optic nerve were normal 


The choroid, by contrast, showed an infiltration with mon nuclear cells, analogous to that 


described by Friedenwald and Rones in septic choroiditis—some lymphocytes with some large 


monocytes and some plasmacytes 
COMMENT 
The fundus lesions which we have observed clinically in the course of dissemi 
nated lupus erythematosus have been described in the English literature under the 
name of “cotton-wool” exudates. They have also L en noted in the German literature 


(Bergmeister, in 1929, was the first to note them) and occasionally in the French 
literature (Dollfus ). 


These soft white spots of the ocular fundi are found ophthmalmoscopically in 
other diseases: septic retinitis of Roth, leukemia, serum sickness. dermatomyositis, 
periarteritis nodosa, and hypertensive retinopathy. 


\natomic studies of the eyes of patients with lupus erythematosus have been 
reported six times. Typical cytoid bodies have been found four times: first by Kurz, 
in 1938; then by Maumenee, in 1940 (five cases ), Cordes and Aiken, in 1947. and 
Aiello, in 1951. Goldstein and Wexler (1932) found only postneuritic and retinal 
atrophy. In the case of Semon and Wolff (1933) there were only inflammatory 


lesions of the choroid and subretinal exudate. 


These cytoid bodies are not specific for lupus erythematosus. They have been 


found likewise in the retina in septic retinitis, periarteritis nodosa ( Friedenwald and 


Rones ), leukemi retinopathy, hypertensive retinopathy, and retinal tears ( Parsons). 
and in the optic nerve or nerve head in papilledema, optic neuritis, and glioma of the 
chiasm or of the optic nerve ( Verhoeff, P. Martin, and ( ushing ). These cytoid bodies 
have been interpreted as hypertrophic nerve fibers or as swollen and degenerated 
glial cells (Friedenwald ). 

Our observations are of note in that few eyes with lupus erythematosus have been 
studied histologically and, especially, in that we were able to follow regularly, for 10 
months, the evolution of the ophthalmoscopic lesions. We have been able to establish 
definitely that these spots (conglomeratgon of cytoid bodies) have a cyclic evolution 


appearance of a soit spot, sharpening of the ophthalmoscopic appearance, and period 


of stabilization, regression, and eventual disappearance, without a trace being left 


The duration of the cycle and the size of the lesion are variable for different elements 
These spots have a dimension varying from one-sixth to one-te nth the dise diameter 
They maintain a quite constant diameter during their entire evolution, The only vari 
able element is the intensity of the whitish color 


We have been unable to establish the factors conditioning the characteristic fea 


tures of each lesion (size, duration of the cycle), but we can state that there is no 


parallelism between these two features. They do not appear to be influenced by the 
severity of the general state. None of the therapeutic measures tried (notably cortico 


tropin and cortisone) had any effect on the evolution of the ocular lesions. 

The periodic examinations enabled us to determine the variations in the total num 
ber of white spots in the fundus. These variations in the number of the lesions result 
from the progressive disappearance of some, following their cyclic evolution, and the 
continual appearance of new ones. At other times, on the contrary 


ble spots disappear without the occurrence of new exudates 


, some of the visi 


R07 


PHIH 


During the patient’s first hospitalization (from \pril through July, 1951) the 
eneral state nnproved to the extent that the patient was able to leave the hospital 
time a progressive diminution im the number of s and thet 
te disappearance Nor did any of the same : 5 reappeal 
the course of the second 
improved, and during this brief period (from Sept. 10 to Oct 28) there 1 
lesion Simultaneously, one ot the ts ) spots noted a few days after the readmission 
hecame veiled From the time the general Miptoms wor sened to the death of the 
patient, i. e., from Oct. 28 to Feb. 15 (hig. 5). saw new lesions continually 
that had dy appeared We erTelore conclud that a certain parallelism 
hetween the appearance Of a cons lomeration ot toid bodies at the vravit 
veneral ale 
the literature there 1 the occurrence 


identified the v ts wl LW appeal 


patient over a three-month peri 


one ot the tour case al 
appeared in the ic wre death. Dollfus noted the increase in number ot 
itish “exudate none patient with lupus erythematosus Similar observation 
by Koch and MeGiuire 

Disappearance of the fundu ms has been reported by other author In the 
discussion of Baehr and Pollack’s communication, Longeope stated he had seen the 
mall white spot of the fundus disappear im one patient with lupus erythematosus 
Cluxton and Krause noted paling and attenuation of the lesions in the evolution ot a 
case of lupus erythematosu In a brief analysis of two cases of lupus erythematosus, 
Landowski reported the appearance ind disappearance of the white spots in the tut 
du We did not check the case of Ambramowiez and Dulewicz, who noted varia 
tions in the number of fundus lesions. Theses authors considered these lesions to be 
like those of the guttate retinitis of Dimmer occurring with arteriosclerosis, and not 
like cotton-wool” exudates corresponding to the conglomerations “ceytoid 

In reviewing these various observations, | noted that the appearance and 
increase of the number of spots have coincided with an aggravation of the general 
tate (Atello, Keil Dollfus ), while the ch appearance the attenuation ot the ocular 
lesions accompanied a remission im the course of the disease (Cluxton and Krause, 
LLongeope ; personal observation, Figs hese last authors also noted this 
comeidence 

\lthough not very explicit on the point, these several cases from the literature 
corroborate our impression of the parallelism between the appearance of the retinal 


spots and the aggravation of the general state 


SUMMARY AND CONCLUSION 

Clinical observations of the eves of a patient with lupus erythematosus over a 
period of ome ar. with an ultimate anatomic study, are summarized as follows 

1. Histologic examination has confirmed the previously rare observations on 

lupus erythematosus. The “cotton-wool” white spots, visible with the ophthalmo 

scope and cde scribed especially in the [english literature, are due to conglomerations 


“eytord situated in the nerve fiber laver of the retina 
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2. We have been able to establish a parallelism hetween the appearance ot the 


retinal spots and the aggravation of the general state 


3. The prolonged course and the frequeney of the ophthalmoscopic examinations 


have enal 


led us to recognize a typical eycle of the “cotton-wool” exudates 


disappeared, without leaving a trace, after a time varying from 35 to 81 days. This 


cycle does not appear to have any connection with the evolution of the general state 


It is concluded that the casual factor of the retinal lesion determines simply the 
appe« irance of the cevtoid hodte 


but not their evolution 
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ORBITAL AND TRANSORBITAL STAB WOUNDS 


POUL KJER, M.D. 
COPENHAGEN, DENMARK 


T IS NOT rare for orbital stab wounds to become fatal if no specific intervention 
is made. This is due to the common occurrence of additional, transorbital com 
plications. Nevertheless, no particular attention has been paid to this type of lesion ; 
in the ophthalmological and neurosurgical literature the contributions to the discus 
sion of the subject are usually contined to case reports 

It is characteristic of these lesions that the external wound is small and that 
the track of the stabbing instrument is long and narrow, with an irregular course, 
due to transient displacement of the tissue at the moment of injury. The commoner 
complications are hemorrhage and infection. Stab wounds may readily result in an 
external closure of the wound and retention of secretion, so that favorable condi 
tions may develop for the growth of anaerobic bacteria, such as Clostridium tetani, 

Orbital stab wounds may be caused by pitchforks, pencils, twigs, ete., which may 
give rise to both direct and indirect injury of the orbital contents (the eyeball, 
vessels, nerves, muscles, and lacrimal gland) and, after penetration of the orbital 
wall, to injury of adjacent structures (the brain and its membranes, the internal 
carotid artery, and the venous sinuses). An orbital stab wound must be regarded 
as a serious and dangerous lesion, even though it may appear to be of a superficial 
nature and is not primarily associated with signs of intracranial complications 
Accordingly, it should never be interpreted as an isolated lesion of the eye and the 
orbital contents 

Owing to the close proximity of the paranasal air sinuses, which are separated 
from the orbit only by the thin lamina papyracea, infection from the nose may occur 
if the lamina is damaged 

Phe various types of infection which may occur are collateral edema or phlegmon 
of the orbit, meningitis, meningoencephalitis, intraorbital or intracranial abscess, 
and generalized infection, such as tetanus 

\ccording to their manner of production, we may distinguish two types of orbital 
stab wounds 

1. Stab wounds produced by blunt objects, such as a cow’s horn, penetrating the 
orbit and, possibly, lacerating the eyelid. Owing to the bluntness of the stabbing 
object, a strong pressure is exerted on the eyeball, resulting in contusion, which 


may be associated with intrabulbar hematoma, rupture of the sclera, avulsion of the 


ciliary attachment of the iris, or luxation of the lens 


A Danish version of this paper was published i 


jyeskrift for leaer 


From the State Departmert of Neurosurgery (Prof. R. Malm M.1).) and the University 
Clinic of Ophthalmology (Prof. Viggo A. Jensen, M.D.), Aarhus Municipal Hospital, Aarhu 
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2. Stab wounds proper, produced by long, slender, pointed objects (pitchiorks 
pencils, ete.), which may impinge on, but do not damage, the eyeball because 
t pushed aside in the compressible fatty tissue of the orbit at the moment of 


the case because of the uneonseciou thre Wihnyg hack of the head at the 

t eolbmypur thi tabba gy mistrument mas pa through the orbital cavit Iracture 
roe ind lacerate the frontal lobe. In this case, injury to the orbital contents need 

he minimal and, as compared with the cerebral complication is usually 


concerned with the orbital tab wounds 


proper. In these, the entrance wound is usually inconspicuous ; local symptoms may 
e mild, with no, or only transient, visual disturbances but with the possibility of 
tracranmial con | heations, which may at rst be masked by the ocular Vinipt mW 


REVIEW 


Orbital stab wounds have previously been described Birch-Hirschteld 


(1930). whe reported 172 case including 3 of his own).* Colley * 1934 ) reported 
three uncomplicated cases; in two repeated examination of the wound revealed the 
presence of wooden foreign bodies in the orbit. Ree (1947 ) published a case in 


vhich a twig perforated the orbit and injured the optic nerve, the muscle cone, and 


the third, fourth, fifth, and sixth cranial nerves. Svoboda '* (1948) reported a case 


in which a 10-year-old boy sustained an injury to the eye in a duel fought with toy 


word \n orbital hematoma developed, resulting in protrusion of the eyeball. hh 
pite of progressive papilledema, lumbar pneumoencephalography was performed 


through a mistake 34 days alter the injury; death occurred during this procedure 


\utopsy revealed that the sword point had penetrated the superior orbital fissure 
ind the cavernous sinus. MeClure and Gsardner (1949) reported four case with 
intracranial compheations, one of which terminated fatally. Neudorfet (1949) 


published a case in which the orbital wound was inflicted by a piece of wood. For 
three year uppuration from the lower eyelid persisted. Iexploration of the orbit 
vas carried out repeatedly, without success, but sub equent orbitotomy revealed 
the presence of se veral plinter of wood. Ehlers ® (1937 Kield ® (1951), Gorovava 


ind Vasilyeva * (1951), and others described cases without cerebral complications 


chneider and tlenderson (1952) mentioned a case of an ice pre k tab in the 


orbit \t the first examination the lesior cemed to be uncomplhieated but in the 


course of a few days a number of uncharacteristic neurological manifestation 


developed. Cramotomy was performed, but death ensued eight days after the injury 


\utoy sv revealed lesions of the supenrio4n orbital fissure, the internal carotid artery 


the cavernous sinus, the pons, the pyramidal tracts, and one of the cerebellar 


hemisphere 


\s orbital stab wounds are often produced by dirty twigs, pitchforks, ete., the 


conditior for growth of Cl. tetani and other anaerobic bacteria are very favorable 


* ‘Twenty of these patients died (meningitis, 11; injury of the internal carotid artery, 6, and 


tetanu +) In 125 cases there was lesior it ptic nerve 


miyur the orbital fossa has the shape of a horizontal, four-sided pyramid, the 
pact of the mjury may be led posteriorly along one of the orbital walls if the 
. cdurection of the toree is im the avit al plane llere there 1s easy access to the cranial 
cavity through the superior orbital (sphenoidal) fissure or, direct] through the 
thi rool the orbit the directior | the 3 tron helow ward is 1S 
paper) 
R12 


ORBITAL AND TRANSORBITAL STAB WOUNDS 
Birch-Hirschfeld * surveyed 30 previously reported cases of tetanus in which a 
variety of orbital lesions formed the portal of entry of the infection. In 14 of these 
tetanus was due to lesions pre duced by pou ted pieces ol wood, Of these 30 cases, 
20 terminated fatally. Castelain and Lafargue (1920) collected 21 cases of facial 
tetanus following various ocular lesions. Another case of facial tetanus following 
an orbital stab wound, which is included in this series, was described by Wster ! 
(1945) 

Hansen * (1942) published three cases of slight orbital stab wounds unassociated 
with intracranial complications. Transitory and permanent impairment of vision, 
respectively, developed in two of the patients, while the third had normal visual 
acuity, Perimetry showed that all three patients had a defect in the field of vision 
Ophthalmoscopic examination showed normal conditions immediately after the 
accident, whereas atrophy of the disc was revealed at the follow-up examination. 
It was emphasized that since Hupairment © 


vision may be of transitory character, 
it cannot be n terpreted asa sign ola deep lesion involving the Cpt nerve, On the 
other hand, the occurrence at a later stage of defects in the field of vision, possibly 
accompanied by atrophy of the disc, may be regarded as definite evidence of direct 
or indirect involvement of the Optic nerve 


FABLE Types of tabbing Instruments 
Adults Children 


Keyhoie saw 
Scythe point 


bar 


Potal 


Phe stabbing objects have especially been splinters of wood, but curtam rods, 
toy swords, straws, broken glass, knife blades, pencils, pipestems, knitting needles, 
and umbrella ribs have also been reported. On the other hand, reports of stab 


wounds caused by pitchforks seem to be comparatively rare in the literature, 


although this implement shows the highest frequency in the present series. Lesions 
due to twigs are very dangerous because the twig breaks easily and part of it may 


be retained in the orbit, and serve, usually, as a source of infection a 
PRESENT SERII 


Since 1943, there have been 15 patients with orbital stab wounds admitted to 
the State Department of Neurosurgery of Aarhus Municipal Hospital. Of 


these, 
three died, and nine patients had intracranial complications. The 


patients were 


q transferred from regional hospitals because cerebral complheations were suspected 


Thus, the case material is selected and consists of patients with subacute orbital 
lesions. Of the 15 patients, 7 were children under 15 years of 


ave 
Phe types of stabbing instruments are listed in Table 1] 
Ihe stab wounds due to pitchforks in adults were in most cases produced during 


loading of peat, hay, ete., whereas the children were injured while playing with 


pitchforks in jarns 
In three cases the manner of production of the orbital lesions due to twigs was 
very characteristic ; in two the patient fell with a twig in his hand, while in the third 
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Pitchtorks 
Broken twigs 
| 


I OF OPHTHALMOLOGY) 


the lesion occurred during play, probably in “fencing,” when the patient received 
a blow of a twig on his eye. That the trauma need not be very violent 1s seen from 


~ 


a fourth case, in which the orbit was pierced by a broken twig while the patient was 
crawling in a dark cave 

(Jn their admission to the State Department of Neurosurgery, the conditions 
of the patients varied within wide limits. Slightly more than one-hali presented 
unconsciousness, clouding of the consciousness, or aphasia, and these patients were 
all suffering from intracranial complications. The remaining patients were mentally 


unaffected. Among the latter, a case of severe intracranial lesion of the optic nerve 


l worthy of note 


\ farm laborer (411718), aged 16, had fallen on a pitchfork prong, which was driven inte 
the left orbit. The patient had personally pulled the fork from the wound. Apart from loss of 
ght in the left eye, no immediate symptoms developed He was taken to a local hospital 


cident and was at once transterred to tl State Department of Neuro 


there the patient was alert and cooperative \ large hematoma was seet 


iround the left eye, and below and slightly lateral to the medial corner of the eye there was a 
mall stab wound. Slight protrusion of the left eyeball with impeded movements 1n all directions 


was noticed. The left pupil responded consensually but was fixed to light. The light sense of 


the eye was abolished. Ophthalmoscopic examination showed normal nditions of the eye 
ground. Roentgenograms of the skull, particularly of the optic foramen, did not disclose any 
sbnormalitic Lumbar puncture revealed the presence of numerous erythrocytes in the spinal 
fluid. At discharge, a week later, the light sense was still abolished, but ophthalmoscopic condi 
tions were normal. At a follow-up examination six months later, abolished light sense and 
ibsence of reaction to light persisted, but opthalmoscopic examination then revealed diftuss 


with 


no blurring of the edge. Otherwise there were no neurological abnor 


lhe patient was apparently suffering from a direct mtrac ranial lesion of the 
optic nerve, since injury behind the point of entry of the central vessels would not 
have resulted in ophthalmoscopically demonstrable changes shortly after the trauma, 
and since injury at the apex of the orbit usually affects the motor nerves as well 

\mong nonophthalmological manifestations on admission may be mentioned 
stiffness of the neck, loss of motor power, and, in one instance, spasm in the face 

In addition to hematoma of the eyelids and subconjunctival hemorrhage, oph 
thalmoscopical examination revealed the signs presented in lable 2 

In one patient, who had been struck im the medial corner of the eye with a 
scythe point, protrusion of both eyeballs, due to orbital emphysema, and epistaxis 


were present. .\s appears trom Fable 2, pupillary changes (anisocoria, maxima 


dilatation, or absence ot reaction to livht) were observed in seven cases 


During the hospital stay the blood pressure, pulse, and respiration were checked 
| | | 


at regular intervals to determine any increases in the intracranial pressure. In more 


than one-half of the cases roentgenograms ol the skull did not reveal fractures 


nevertheless, in most of these case fractures either were demonstrated at operatiol 


or, in view of other findings, such as those revealed by lumbar puncture or ophtha 


moseopy, must undoubtedly have been present 


ercutaneous arteri graphy of the carotid artery was pert rmed in some case 


but did not provide valuable information because the intracranial hematoma ort 


absce was too small to produce a displacement of the vascular system 
Ventriculogray hv, which was done in a tew case revealed evidence of a space 
occupying intracranial le sion, which was verified at operation 


R14 


nmedately ater he 
malities 
= 


ORBIT AI 


AND TRANSORBITAL STAB WOUNDS 


Lumbar puncture was performed in slightly less than half the cases; in patients 
with intracranial complications abnormal conditions were revealed (increased cell 


counts, protein content, or xanthochromia ) 


Treatment letanus antitoxin and antibiotics were given in all cases. In tive 


cases craniotomy was performed, with removal of degenerated brain tissue, hema 


tomas, and bone splinters and, in one instance, with removal of an intracerebral 


abscess. In the last-mentioned case it became necessary later to remove the entire 


bone flap because of persistent suppuration In four cases the wound was revised, 
and in one of these an embedded fragment of a twig was found, from which Cl 
tetani was cultivated 


In one case enucleation had to be performed, owing to the presence of retrobulbat 


vas gangrene. [The case history follows 


\ farmer (#13308), aged 64, had had a fall with his bicycle six days prior to admission to 


the State Department of Neurosurgery He struck his face against a stump of a tree, from 


vhich splinters were protruding. One of these splinters pierced the skin below the right lowes 
| 


lid and penetrated the orbit. Immediately after the accident the patient could see dimly with the 
injured eye, but loss of vision rapidly developed. There were no signs of intracranial lesion 
rhe patient was at once taken to a local ophthalmological clini 


()n admission, a large hema 


PaBLe 2.—Ocular Changes on Admission to the State Department of Neurosurgery 


Patients with 
Total No Intracranial 
of Patients Lesions 


Protrusion; disorders of position or movement 12 9 
Pupillary changes 7 8 
Papilledema 

Abolished light sense 


Anesthesia-analgesia of area of supraorbital nerve 


Eyelid changes only 


toma around the right eye, pronounced protrusion, and fixed pupil were noticed. The light sense 


was abolished; the eyeball was not injured. During the next few days progressive, nonpulsating 


protrusion of the eye and incipient necrosis of the eyelids developed. The 


patient was trans 
ferred to the State Department of Neurosurgery six days after the accident. Enucleation 


was 
pertormed. The peribulbar and retrobulbar tissue was necrotic, foul-smelling, and filled with 


air. Cultures from this tissue revealed the presence of Clostridium cedematiens. In spite of 
chemotherapy and administration « 


f gas gangrene antitoxin, suppuration from the apex of the 
orbit has now persisted for three months Renewed cultures did not yield Cl 
Roentgenograms revealed osteitis medial to the optic 


cedematiens 


foramen, and probing showed that the 


penetration extended to the ethmoidal cells. Three weeks after the operation two small splinters 


t wood were removed from the apex of the orbit. The suppuration had 


gradually diminished, 
but probably there are still some splinters left in the orbit 


\ neurological examination revealed anesthesia and analgesia of the area supplied by the 


right supraorbital nerve Ihe general condition of the patient was unaffected 


Symptoms at Discharge lhe periods for which the patients stayed in the State 


Department of Neurosurgery varied from a few hours to 95 days; patients without 


intracranial complications were returned to regional hospitals at the earliest possible 
time. At discharge, an ophthalmological examination was carried out, and, if possi 
ble, the visual field and visual acuity were determined. The results of the examina 
tions are shown in Tables 3 and 4 


It appears from Table 3 that vision was abnormal in two cases, that is, complete 


loss of sight, due to avulsion of the optic nerve in one (see above), and less than 6/6 
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(cast 


(edema 


copic exan mation vealed heht change 


preretinal hemorrhage. The patients grouped 
unable to cooperate or were dis 


of the 12 patient neurological 


light pares of the arm and lo ot sensati 


eous area of the supraorbital nerve, were « 


Fatal Case \s already mentioned, three of the 


cord publi hed by ster ) and two other 


vhich operation h id been pertorn 


disorders, viz 


moot tor h 


patient che 


ol intracrat 


encephaliti ) lhese case histori are briefly reported 


« 3.—Ocular Changes in Eleven Patients at Discharge Apart fro 
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lan. 20 


tollowed 


thesia im 


righit-sicle 


vollen 


Aug. 27 
fork 


ind three 
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in length 
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local hosp 


Neurosurg 


Conjunctival changes 


Protrusion, disorders of position and movemet 


Stricture of nasal 
Ptosis 
Fistula of 


duet 


eyelid 


Suppuration from apex ot orbit 


on and decreased range of movement. Examinati 
frayment of a twig embedded in the orbital contents 
wing the operation. Autopsy was uncontributory 
led Cl, tetam 


2 \ laborer (411647), aged 46, was admitted on 


ldditional Ocular Mamtfestation 


( 


Swelling Around the Affected Lye 


and considerable chemosis was present. There was protrusion of the 
of the wound reveal 


it the apex. Deatl 


ultures tron 


\ug. 24, 1952 


While engaged in loading a peat cart, he had been struck in the 


was rendered unconscious by the blow and wa 


days later transferred to the State Department ot 


of the left lower portion of the face. On the right 


with a penetrating wound. There was protrusion 


t 


the patient was In a poor condition, with fever, clouded conse1 


once admiuttec 


slight aphast i, 


and 

d, one 

lal Cf 


SC VETE hem 


pain 1 the 


tetanus 


plic ations 


m Rednes mad 


l \ laborer (#552). aged 20, was admitted on Jan. 18, 1944. Deatl 
\ twig had struck his leit orbit Disturbances ot n and headache 
once, and the next day there was swelling around the left eve He was ther 
ital. Five days after the accident signs of incipient tetanus with trismu 
gradually by difficulty in swallowing, convulsions, peripheral fac ial pare 
the lett ide of the tace Phe patient wa transferred to the State | 
ery a week after the accident. On admission, stiffnes {f the neck wit 
d facial spasm, trismus, and opisthotonos was noticed Phe left low 


the tr 


Deat 


right orbit by a peat - 
lt a loca spita 

On adn ion ther 

f the neck im 

is a contustior cn 

ball \\ cl Na 1 


occurred of 


idmitted to a 
were noticed 

ind 
Jepartment ! 


h intermittent 


agment of the 


occurred ot 


residual wnder the heading “No exan 
ination harged VCTY early because of 
the absence of intracranial complications. .\s already mel tioned, enucleation was pe 
formed ina 12th case 
les 
No Ex 
N il Pathol ca iminatic 
Ophthalmoseopy ) 
Field « on 
No. of 
Patients 
7 
occurred on 
5 leveloped at 
eyelid was 
with abnor 
mal | the pre 
ence of 7 
day toll 
twigs yie 
veurosurget 
evelid there 


nditions were normal he patient could 


ving to blurring of the cornea, the right eye could not be 


lurring 


entyvet 


\ 


ised protein content. Cultures 


lumbar puncture revealed 
Vit Ided 


negative resu \rteriography showed incomplete filling t the area supphed by the anterior 


ures 


d died u yperthermia three days atter admuissiot \utopsy of the brau 


Death occurred 
he | lice wa iter informed that 
i peg, the thickne fa pen in hi and and that tl peg was driven into 


The boy was at 


1 een by the tamily doctor, who treated the wound and sent the patient home, as the child 
is alert and apparently in good condition. A tew hours later clouding of consciousn anid 
vomiting developed \bout 20 hours later the patient was again seen by the family doctor \t 
that time, the child was mildly somnolent but responded rationally to question Pwenty-tive 
hours after the accident generalized clonic spasm developed, followed by unconsciousness for 
about 10 minute Half an hour later the attack recurred. The patient was then admitted to a 
11 


ocal hospital, from which he was transferred to the State Department of Neurosurgery a few 
hours later. On admission there, the patient had a high fever and was almost comatose, respond 


ing to paintul stimuli only. Slight stiffness of the neck was noticed. In the right upper lid just 
under the orbital margin there was a small stab wound, from which cerebrospinal fluid and 


| 


lacerated brain tissue was evacuated. The eyelids were markedly distended by edema and a 


hematoma. No ocular lesion; normal ophthalmoscopy ; pupils submaximally dilated and fixed to 


g moved less than thet 


light. No pareses of the face or extremities, but the right arm and Ie 
fellow members. During the examination intermittent “brain-stem fits” developed, with spasn 
In pronation-extension of the right arm and constant pronounced spasm in extension in both leg 
especially on the right side, with a bilateral Babinski respon 


nograms of the skull did 
not reveal definite signs of fracture. Immediately on admission, a rise in the blood pressure from 
135 to 210 mm., an increase in the pulse rate to 140, and embarrassed, superficial respiration with 
marked cyanosis developed, indicating a severe and sudden aggravation of the herniation of the 
brain stem through the tentorial incisure. A burr hole was at once made in the vicinity of the 
coronal suture, and the right anterior horn was tapped, after which fluid was emitted undet 


excessive pressure \fter this procedure consciousness ret 


urned; the blood pressure fell to 100 
and the respirations became regular. Craniotomy was made, exposing the anterior part of the 
right hemisphere. A perforation in the middle of the roof of the orbit was revealed, together 
with a small circular laceration of the dura and a large hematoma in the basal part of the frontal 


lobe, extending acre the midline into the left hemisphere and, possibly, into the third ventricle 


The hematon vas removed. Shortly after the operation the 
rationally to question During the next few hours hyperpyrexia and clouding of the consciou 


ness developed. Repeated tapping of the right anterior horn and intravenous administration of 


50% dextrose lution proved ineffective. Clonic spasm, of gradual onset, of the extremities o1 


ensued the next day. Autopsy, performed by Prof. W. Munel 


revealed the course of the track of the stabbing object. It was about 1 em. in diameter and 


the left side developed 


ran 
from the opening of the perforation in the of tl orbit u il oblique uperopost wr direc 
tion through the right frontal lobe into the third ventricle. The entire length of the track from 


the external wound was about & cm. Pronounced ¢ 


meningitis, and 


phlegmon of the orbital tissue were di 
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placed, immobile, and somewhat injected. Pupillary 
count fingers in 
examine vith the thal: ope; on the left side there was slight bi of the dise with mild 
venous engorgement and a few hemorrhage it the maren \ romm@mmmogram of the skuil 
howe i slight, splintered tracture of the roof of the right orbit. A : 
cerebral artery thet there was nothing abnormal. As t tient was believed to have a 
brain lesion in the vicinity of the third ventricle, further proceed were omitted lhe patient 
pertormed by Dr. Erna Christensen, showed pronounced cerebral edema. The stab wound could 
be t ved trom the mndet ir tac ot the right tr tal be int the lett hen here where the 
entire anterior end of the caudate nucleus was hemorrhagic The lett internal capsule, lentiforn : 
nucleu ind hypothalamus were al damaged Lhe track continued act s the corpus callosun : 
to t rtex In the track in the frontal lobe there was a hematoma by lem ind the sur : 
rounding tissue showed purulent encephalitis : 
n March Il. W 
the boy had held 
the right orbit 
| 
re edema, purulent lept_ 
EEE ssuc were disclosed 
|| 
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1ROHIVES OF OPHTHALMOLOGY 


Follow-Up Examinations \Il 12 patients returned for follow-up examination 2 


months to 10 years after discharge from the State Department of Neurosurgery. 
In all cases an ophthalmological examination was made, comprising ophthalmoscopy 
and determination of visual fields and visual acuity. Most of the patients were also 


subjected to a neurological examination 


\ccording to the patients’ own statements, the condition since discharge had 


heen as summarized in Table 5 
[he mental changes referred to in Table 5 were impaired memory, irritability, 
and erethism 


Phe physical and neurological examinations gave the findings stated in Table 6 


PaBLe 5.—Condition Since Discharge 


No. of 
Total Patients with 
No. of Intracranial 
Patients (‘omplications 


No complaints 


Mental chanyes 


Periods of headache 


Convulsive seizures 
Loss of sight in one eye 
Hemiparesis 

Symptome of stricture of nasal duct 1 
Persistent suppuration from orbit 1 
Transitory suppuration from wound 
Unilateral paresthesias in frontal] region 


TABLE 6.—Objective Findings at Follow-Up Examination 


No. of 
Patients 


Pareses and reflex changes 


Slight aphasia and eplileptoid mental changes l 
General mental blunting 

Bone defect after craniotomy 

Hypesthesia- hypalgesia of area of supraorbital nerve 
Obesity 


Normal conditions 


\ll the patients had regained full working capacity, but four showed general 
mental blunting. Although the pretraumatic mental state of these patients was not 
known, there seemed to be a direct relationship to the intracranial lesion in three 
cases, Of the three patients with pareses mentioned in Table 6, one had a slight 
spastic hemiparesis and staggering gait; the other two had only weakness of the 
right arm and of the lower face, respectively, and reflex changes in the form of a 
unilateral atypical plantar reflex and right-sided exaggeration of the deep reflexes. 

The results of the ophthalmological examination appear in Table 7. 

Visual fields and visual acuity and ophthalmoscopic conditions were normal in 
all patients with the exception of the two with lesions of the optic nerve and sequelae 
of enucleation 

Changes in the position of the eyeball were measured with Hertel’s exophthal- 
mometer 
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The c: Mists of the patient with obesity mentioned 1 


brief met 


phthalmological Findin 


cleat 


ophthalr 


Ophthalmological and neurological examinations showed a normal cond patient 
mentally retarded 
Ihe obesitv observed 


Since 


lhe series presented, consisting of 15 patients, of whom 3 died and 9 had intra 
cranial con plicati ms, Is a selected one in that they were chiefly cerebral cases 
transferred to the State Department of Neurosurgery 

\mong the nine patients suspected of intracranial complications on admission, 
three did not show signs of such disorders immediately after the injury Iho 


illustrates how easily an intracranial lesion may escape recognition Phat signs ot 


such complications are liable to be overlooked appears from the fact that four 


patients were not transi rred to this hospital until 3 to 25 days after the accident, 


although these patients had exhibited signs ot cerebral complications, such as loss 
ot consciusnes followed bv states ot cloud y Or aphasia, immediately after the 


trauma 


| 
Fable deserves 
tion 
\ boy (#282 iged 6 years, had, while playing, the prong of a torl riv through thi Fe , 
ett upper eye He tainte it or \iter return of nsciousne he was somt nt, and fever 
eV ed H ‘ at come idmitted to a loca pital and 12 days later transterred to the 
State | rtment of Neu rgery. On admission there titt me it neck and somnolence ; 
re notice elt vollen, and there wa ght protrusior {i the eveball, whiel 
Va turn thalmoscopic « minatior ved | ipill ma. particularly 
the lett « vet wit it mm rable prominence \ roentgenogram did not reveal any abnor 
mialitie tt rr i the orbit. Placement of a burt t bing int frontal lobe did 5 
not give al result. Ventri ography six days later OW ird displacement ot the lett ; 
interior hort | juent cramotomy revealed a he toma, t ( i walnut, in t basal ; 
part f the trontal | ind extending act the midline Remova {i the hematoma was tol 
owed by era il improvement of the conditi An ophthalmological examination betore « 
harge owed that the patient ible to count fingers at 6 meters. Ophthalme py reveal f 
normal nditiel ept tor a disappearing preretinal hemorrhage \t a tol V-up examimnatiol 
SIX yea iter there were 1 mplaints, but the patient had gained weight very rapidly during 
\ 
Patien 
Sequelae of enugition with atic ipex of ¢ 
Moderate 
Moderate protrusion | 
Moderate divergence one eye 
Ptosis 
Atrophy of optie disk with loss of sight 
Strieture of nasal duet ! 
Corneal hypesthesia 
Normal conditions ‘ 
ntal 
lobes, mam it did not develop until after the lapse of five years and seemed to be related t 
changes in the dietary habits of the me, whicl id also resulted in considerable weight gains in : 
the other member f the family. Nor, it would seem, ts it reasonable to assume that the mental 
retardation was an immediat nsequence of the head u y, since both parents and the reman ; 
ing children of the family were all mentally retarded 
COMMENT 
R19 


(jy thre other 


hand, the patient with tetanus was transferred a week after the 


icccident because thrombosis of the cavernous sinus or subdural hematoma was 
uspected, As previously pointed out, negative x-ray findings do not preclude the 
presence ol orbital fracture Spinal fluid examination is apparently a fairly sate 
method for the confirmation of intracranial hemorrhage or infectior llowever, 


ving to the risk of tentorial incarceration, it should be used only in the absence 


increased intracranial pressure 


leven though a demonstrable change in the position or movements of the eyeball 


isually due to a retrobulbar hematoma or injury to muscles or nerves, it should 


he borne in mind that it may also be due to an embedded foreign body, traumatu 


emphysema, gas gangrene, thromb cavernou iInus, Or an aneurysm of 


edema of the orbital tissue. Vupillary changes and impairment of vision may be due 


to cerebral complication but mav also be caused by ce Mipression of the eyeball at 


the moment of injury or by a retrobulbar hematoma. In contrast with the three 


cases of orbital stab wounds deseribed by Hanser vho tound a direct or an indirect 


optic nerve (hemorrhage into the sheath of the optic nerve, periosteal 


thickening, and callus formation. respectively ) evidenced in all three by chang 


the visual field and subsequent atrophy of the disc, the present serie howed a 
esion of the optic nerve only in one case. that of a severe. direct lesion of the nerve 
vithout demonstrable ophthalmoscopic changes immediately after the accident, but 


th well-detined atrophy of the disc im months later ee above ) 
previously emphasized, in contrast to blunt objects, gunshots, ete., pointed 
instruments may push the eyeball aside at the time of injury without causing damage 
to it. In agreement with this, in none of the cases in the present series of stab 


vounds proper was there injury of the eyeball 


\t the follow-up examination, the visual field and visual acuity were found to be 


normal except in the two cases with injury of the optic nerve and equelae of the 


enucleation, respectively. (in the other hand, the sequelae of the cerebral complica 


tions were far more serious; two patients died, and, as it appears from Tables 5 


and 6, it is reasonable to assume that these complications resulted in general mental 


blunting three case with ay hasia im he, hight pareses in two nd epil 


including 


even cases the lesion wa ised by a pitchfork, while in the remaining eight it 


vas due to twigs, a keyhole saw, an iron bar, and a seythe point. Intraci 


plications occurred in nine cases, and tetanus and gas gangrene each developed 11 


one case, in which splinters of wood were retained in the orbit. The patient with 


tetanus and two of those with intracramal compl ations died lhe eyeball was not 
injured in any of the cases, but enucleation was performed in one case, because of 
retrobulbar gas gangrene and monstrous protrusiot the symptoms, ditferential 


diagnosis, and treatment are discussed. At the follow-up examination, all the patients 


had regained full working capacity, but four had various permanent cerebral symp 


toms, such as general mental blunting, slight aphasia, slight loss of motor power 


ind convulsive seizure 


Ophthalmoscopic conditions, visual acuity, and the field of vision were normal 


in all but two cases: in one of these, a direct lesion of the optic nerve had occurred, 
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VIMARY 
lifteen cases of orbital stab wounds. HEE 7 in children. are analyzed. In 
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in the second enucleation had been performed. It ts emphasized that local 
symptoms may be shght in « rbital stab wounds and that the injury should never be 
regarded as an isolated ocular lesion, even if cerebral symptoms are¢ absent immedi 
ately after the trauma 


CONCLUSIONS 


Patients who have sustained injury to the orbit should at one he admitted to a 
hospital, since both orbital and/or cerebral symptoms may be slight or absent 
immediately after the trauma. Roentgenograms of the orbital region should be 
taken, and during the hospitalization the patient should be closely ol served for intra 
cranial complications. The blood pressure, pulse, respiration, and temperature should 
be checked regularly ; the spinal fluid may under certain circumstances he examined, 
and special attention should be paid to neurological disorders, such as loss of power, 
aphasia, and mental clouding. The patient should be transferred to a neure surgical 
hospital if signs of cerebral complications, such as clouding ot the consciousness, 
increased intracranial pressure, or localized motor and sensory disorders, develop 

It cannot he too strongly impressed on parents that children’s playing with pitch 
forks. shooting with bow and arrows, and fencing with tov swords involves a great 


risk of orbital stab wounds and their serious consequence 
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4 i SHE OBSERVATION that rats given cortisone for a prolonged period of time 
became “exophthalmic”! prompted several questions. Was it, first of all, justi 


fiable to consider the changed appearance as being due to classical exophthalmos 
i. e., the undue protrusion of eyeballs normal in size and shape owing to changes in 
the retrobulbar tissues of the orbit; or was this appearance caused by a hormonally 
induced enlargement of the eyeballs, so that the latter no longer could be accom 
modated by the orbit? The second possibility was not considered likely on ana 
tomical grounds, On the other hand, Jackson * had observed that the eyeballs in 
chronically undernourished rats continued to grow, although any gain in body weight 
was prevented by the restriction of food intake. Since the prolonged administration 
of cortisone produces in rats a state not unlike chronic inanition, it was decided to 
examine the effect of this hormone on the weight of the eyeballs of the growing rat 

\nother aspect of experimental exophthalmos which was investigated in the 
experiments described in this paper is the part played by the thyroid-stimulating 
hormone of the adenohypophysis in the production of exophthalmos. Many workers 
consider that this sign is due to the excessive production of thyroid-stimulating 
hormone by the pituitary, mainly because ocular protrusion can be induced expert 
mentally by the injection of pituitary extracts containing the thyroid-stimulating hor 
mon Its occurrence in animals after treatment with cortisone alone raised the 
question whether proptosis could also be produced by the hormone in the absence 
of thyroid-stimulating hormone, and suggested a study of the ocular effects 
cortisone in the hypophysectomized rat 


Clinicians have been aware for some time of the beneficial effects of thyroid 


hormone in the treatment of some cases of exophthalmos; the explanation given was 
| 


based on the inhibition of the pituitary production of thyroid-stimulating hormone 
by the administered thyroid hormone. As an alternative explanation, it is suggested 
that the favorable effect of the thyroid hormone 1s due to the increased utilization 
of the excess of adrenal steroids, If this hypothesis is correct, it should be possible t 
abolish or prevent the exophthalmos due to cortisone by the induction of a hyper 


thyroid state of increasing severity 
Biochemistry Section, Smith, Kline, & French Laboratori 
From the Department of Anatomy and the Department 


Birmingham Medical School, Birmingham, England 


Philadelphia (Dr. Greenberg). 
of Pharmacology, University of 


EXPERIMENTAL EXOPHTHALMOS PRODUCED BY CORTISONI 


METHODS 
Three separate experiments were undertaken. They are part of an investigation on the effects 
of prolonged treatment with cortisone on the growth of weanling male rats which will be 
reported in detail elsewhere 
Experiment | Phis experiment was designed to study the effects of cortisone and of the 
thyroid hormone, given either singly or combined, on the weight of the eyeballs of rats fed diet 


ary supplements of fat or liver extract. Eighty-eight male weanling Wistar albino rats weighing 


45 to 55 gm. at the start of the experiment were divided into 16 groups of 5 to 6 rats each 


(Table 1; Fig. 1). They were offered ad lib. a fat-free diet (Groups I, I], V, and V1), which in 
some groups (Groups III, VII, VII, and XIV to XVI) was supplemented with 3% of fat or 
with 10% of dessicated fat-extracted liver (Groups IX to XI1). Some animals of these three 


major dietary groups were given, in addition, 0.05, 0.1, or 0.2% of desiccated thyroid powder 


(thvroid U.S.P.) mixed with the food and/or were injected subcutaneously with 1.5 mg. of 


cortisone acetate (Cortone, diluted with saline to 0.1 ml.) daily for six days a week for four 


weeks. Each rat therefore received a total of 36 mg. of cortisone. Since the administration of 


cortisone and of the thyroid hormone led to a marked impairment of growth, four additional 


groups of six rats each (Groups A to D) were given the basic diet with the supplement of fat 


and were killed when they had reached the average weight of 65, 82, 85, and 102 gm., respectively 
They represent the weight controls for this experiment. All the other 


the 29th day of the experiment 


animals were killed on 


Experiment 2.—In this experiment the effect of the prolonged administration of cortisone 


on the eyeballs of the hypophysectomized animal was studied. Thirty-five male rats were hypo 


physectomized when they reached the weight of 50 to 84 gm., average weight 66 gm., and the 


following day the experiment was begun. The animals were fed ad lib. the basic diet supple 


mented with 10% of liver powder and 10% of fat, a ration which ensures good growth in normal 
animals, and were offered the choice of tap water and 0.9% sodium chloride solution. Seventeen 


of these animals were treated with cortisone in the manner and dosage described in the previous 


experiment (Group HyC; Table 1, Fig. 1); the rest were kept as controls (Group Hy; Table 


1, Fig. 1). Death was brought about after the 28th day. The completeness of the hypophysectomy 


was checked by inspection of the pituitary fossa with a magnifying glass and confirmed by the 
organ weights, notably the weight of the testicles and the adrenals 

Che effects of varying degrees of hyperthyroidisni on the weight of the eyeballs and on the 
appearance of the animal were studied in Experiment 3, in which 64 male rats of 


an inbred 
strain from this laboratory, weighing 45 to 55 


gm. at the start of the experiment, were used 
They were divided into three major groups which received 0.4%, 0.2%, 


or no thyroid U.S.P 
mixed into the basic diet of Experiment 1, to whicl 


a supplement of fat had been added (3%) 
Each of these three major groups was subdivided into two groups of 10 to 12 rats, of which 1 


was treated with cortisone (Groups 2, 4, 6; Table 2). The dose per animal was 1.25 mg. of 


cortisone acetate (Cortone Acetate) given subcutaneously six days a week for five weeks, 
so that each rat received a total of 37.50 mg. of cortisone acetate. The experiment was terminated 
on the 35th day 


All the animals were weighed on the day of autopsy and were killed by exsanguination under 


light ether anesthesia. Both eyeballs were rapidly removed, trimmed, and weighed to the nearest 


milligram. The figures presented in this paper refer either to the average weight of both eye 


balls of all the animals in 


group, expressed in milligrams (absolute eyeball weight), or 
to the average eyeball weight, in milligrams per 100 gm. of body weight 


(relative eyeball 
weight) 


RESULTS 


IX PERIMENT | The Effect of Cortisone and/or Thyroid Hormone on Eyeball 


Weights of Intact Rats——The data for this experiment are summarized in Table 1 
and in Figure 1. The lack of fatty acids 1 


(P < 0.05) inhibition of the growth of the body 


the diet produced a significant 
and of the eyeballs (Group I), 
which was counteracted by the supplement of fat (Group III), but not of liver 
(Group IX). The favorable effect of fat on the growth of the eyeball could still be 
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ld degree of hyperthyroidism was induced by feeding the rats 0.0! 
thyroid | s. P. (Groups V. VII, and X But whereas in the mildly hyper 
thyroid animal the absolute weight of ‘ eyeballs was not significantly different 
from that of the euthyroid controls, an increase in the severity of the hyperthyroid 
tate, caused by ri gy the level of thyroid fed to O.1 or 0.2% (Groups X\ 
XVI). led to a progressive decrease of the eveball weights (Owing to the propor 
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GRAMS BODY WEIGHT 
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THYROID 


tionate lo ol body weight, wever, the ratio of eveball weight to bod 
remaimed constant m the groups ot rats given supplements of fat 
miticant merease of this ra v he thyroid 


marked inhibition of body growth caused by treatment with cortisone 
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on the fat-free diets, for example, cortisone had no obvious etfect on the eyeball 


weight 


ments of fat (Group IV), a (P « 


significant 
eveballs 
ettect: ol supplements 


y the induction of a hypercorticoid state 


as compared with that of the normal controls, was found 


Groups Il and \), but when it was given to rats receiving the supple 


0.05) reduction in the weight of the 


The favorable 


f fat on the growth of the eveball is apparently suppressed 


\ttention should be drawn to the striking increase in the relative eyeball weights 


f animals treated with cortisone, the result of the disproportionate inhibition of 
PapLe | Effect of Cortisone and of Thyroid Hormone on the Eyeball Weights of Rats 
Fed Various Dietary Supplements 

lhyroid Cortisone Fat Desiceated Body Eyeball eyeball Weight 
U.S.P. 15 Me.) 400 Ms Liver No Weight Weight Me./100 Gm 
Group Day Day Rats Gin Me tody Weight 
\ 1b) 
j 158 0 
X 4 
1s 
H 
XVI 
We ht ¢ it 
\ 
B 
‘ 
I) 170 
Hypophyseect lized Rat 
Hy 
hody growth caused by this hormone (aroups IN ind Owine to the sig 
nificant] r O.O1) better growth of animals fed supplements of liver extract 
(Gagroup X\) than of the rats the tat-fr ith ithout additi il tat 
({aroups Il] and I\ the increase of the relative eveball weight least pro 
nounced 1! that Lroup Is considered to mother example ot the favor ible 
etfect of hi er on the mantestation ot hypercortici 1 
unexpected emerved when cortisone is given to animals fed thyroid 
Whereas neither of these hormores given separatel (i | | ad had a si 
nificant etfect on the wereht of the eveballs of rat fed the it-free dv their con 
bined administration (Group VI) produced the lowest eyeball weights of the whol 
ket j ( } \+ } it 
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eri No explanation of this effect can be given. It is in contrast to the lack of 


effect of this combination of hormones on the absolute eveball weights of animals 


receiving the supplements of fat as well (Groups VIII, XIII, and XIV), which 


remained remarkably constant; by comparison with animals given cortisone alone, 
the relative eyeball weights were significantly lower. 

It is apparent from Table 1 that the relative eyeball weights of all animals 
treated with cortisone, irrespective of any other treatment given, were high. In 
Man ol these animals exophthalmo deve loped at some stage of the experiment ; 
this curious association would at first sight suggest a disproportionate growth of 
the eyeballs as an explanation of the occurrence of ocular protrusion Detailed 
comparison im individual animals of the absolute and relative eyeball weights with 
the meidence and degree of proptosis did not, however, support this conclusion 
lhe highest relative eyeball weights, for instance, were occasionally found in rats 
with no or only transient exophthalmos; conversely, the marked fluctuations of 
the figures for the relative eyeball weights in different treatment groups were not 
accompanied by similar differences in the state of the eyes of the animals concerned 

Che growth of the eyeballs of all these experimental animals was compared 
with the eyeball weights of untreated, young controls of similar average body 
weights (Group A to D). Although the absolute eyeball weights of the latter were 
significantly lower (Table 1; Fig. 1), the relative eyeball weights in control group 
\ exceeded those of some groups of rats treated with cortisone; they were not 
accompanied by the occurrence of ocular proptosis 


| XPERIMENT 2 I: of Cortisone on hive hall We tghts oT Hypophysecto 


mized Ammals Despite hypophysectomy, the eyeballs continued to grow (Group 
Hy; Table 1, Fig. 1). This result confirms the experiment of Walker, Simpson, 
\shing, and Evans,” who found that the eyeballs of rats hypophysectomized at 6 
and at 28 days of aye reached virtually normal weights after 60 days. They noticed 
that the relative eyeball weights of these animals were disproportionately large, but 
they did not mention the occurrence of exophthalmos. was not 
observed, despite careful inspection, m rats of the experimental series reported 
here, although their relative eyeball weights equaled or exceeded those of intact 
animals treated with cortisone, in which ocular protusion did occur 

The administration of cortisone to hypophysectomized rats (Group HyC; Table 
1, Fig. 1) produced a significant (P 0.01) reduction of both the body weights 
and the eyeball weights; their ratios were the highest recorded for the whole 
experiment. Nevertheless, exophthalmos was not seen in any animal of this group 


throughout the period of cortisone administration 


PERIMENT 3 of Increasing Doses of Thyroid Hlormone on Ocular 
Protrusion Produced by Cortisone The results of this experiment, summarized 


lable 


severity of the hyperthyroid state on the absolute and relative eyeball weights 


2. confirmed some of the observations on the effects of the increasing 


reported in Experiment 1 of this paper. It 1s apparent that a significant inhibition 
ot the growth of the body and a proportionate reduction of the weight of the eve 
balls resulted from the severe hyperthyroidism produced by feeding 0.4% thyroid 
U.S, P. to the rats for five weeks (Group 5). The relative eyeball weights, however, 
did not undergo any gross changes. Cortisone, on the other hand, not only produced 
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a significant decrease in the weight of the eyeballs, but, owing to the marked stunt 
ing of the growth of the body, caused the ratio of the eyeball weight to body weight 
to rise considerably (Group 2). When, however, cortisone was given to animals 
fed the thyroid, the effects of these two hormones opposed each other to a certain 
extent (Groups 4 and 6). It can be seen, for instance, that the inhibition of body 
growth produced by giving cortisone alone was significantly reduced by feeding 
0.2 and 0.4% of thyroid as well, as was the marked increase in the relative eyeball 
weights. Although there were present significant differences in the body weights 
of animals in these groups, a significant linear regression was not obtained. The 
rats treated with cortisone grew better if they were fed the diet containing 0.2% 


of thyroid than if the diet contained either 0.4% or no thyroid at all. This, presum 


TABLE 2 feerage Eyeball Weights of Rats Treated with Cortisone and with Increasing 
Amounts of Thyroid 


Cortisone, 
l Me Ratio of 
Day, Thyroid Eyeball 
6 Days U.8.P Weights to Body 
Wk Added to No. of Body Eyeball Weights 
Group Wk Diet Animals Weights, Gm Weights, Me (Mg./100 Gm 
10.71 22 3.87 137 9.53 
107 f 14 = | 


TaBLe 3.—I/ncidence of Exophthalmos in Rats Treated for Five Weeks with Cortisone and 
with Increasing Amounts of Thyroid 


No. ot Animals in Which Exophthalmos Was 


Present Doubtful Absent 
Treatment 
Observer 
Thyroid 

Cortisone U.8.P kK. A S.G kK. A S.G kK. A 
1.25 me. day 6 i i 
1.25 mg./day 0.9% 0 j 
1.25 me /day 


ably, means that there exists a certain optimal concentration of both these hormones, 
at which their mutually opposing effects are best seen. A disturbance of this “equi 
librium” by allowing either hormone to predominate, by giving cortisone either 
without any thyroid (Group 2) or with too much of it (Group 6), produces the 
typical signs of hypercorticism or hyperthyroidism; the occurrence of the latter 
explains, for instance, the significant difference in the body weight between animals 
given 0.2% and animals given 0.4% of powdered thyroid in the presence of the 
same amount of cortisone injected. The same interpretation presumably applies 
to the data for the eyeball weights; the significant linear regression found if the 
amount of thyroid fed to the animals was raised was no longer present if this was 


combined with the administration of cortisone 


\ll the animals of these six groups were studied throughout the duration of 


the experiment for signs of ocular protrusion. In only a few of the rats not receiv 


” 


cortisone was there a suspicion of proptosis. When definite exophthalmos was 
een, it was observed only in rats treated with cortisone. Its incidence was litghest 
in the first three weeks of the « xperiment and tended to decrease with time Vhis 
trend was particularly marked in animals receiving the thyroid as well as cortisone, 
in which daily observation revealed a definite tendency for the proptosis to diminish 
as the severity of the hyperthyroidism increased ; in the group of rats ingesting the 


highest level of thyroid (0.4%, Group 6), it was difficult to be certain whether any 


ocular protrusion at all had been produced by cortisone Fable 3 shows that shortly 


betore autopsy, alter tive weeks of treatment, the diagnosis ot exophthalmo could 


ve made with certainty only in animals treated with cortisone alone, but became 


loulbtful af the 


were treated with high levels of thyroid as well (Fig. 2 


\ddis, Poo, and lew have shown that the eyeballs of the rat, a distinet tron 
other organs do not participate the loss Ol body weight brought about 


even-day fast \Ithough the various treatments deseribed in the present experi 


effect of thyroid hor 
rj t developed definite exonht alt ift treatment vit ‘ rtisore (1.25 1 


ent did produce a marked inhibition of body 


vrowth, this was reflected onl to a 
omparativels livht degree in the eyeball weights of these animals: the severe 


irting of the bodv caused by cortisone, tor mstarce cid not lead to any greater 


reduction in the weight of the eyeballs than did the comparatively mild inhibitios 
ol body growth which oceurs if the growing rat is ted a diet lacking in essential 
itt continued rowth of the veballs ce spite the severe disturbanee 

the body growth following hypophysectomy, hyperthyroidism, or hypercorticism 
recall imilar observations by Jackson * on rats the body weights of which were 


kept constant thre uvhout the experiment cl underteeding by Walker and 


issociate on rat hypophy sectomized at an early age ind by Scow and SHnpsoen 
in new born thyroidectomized anima 
It has already been pointed out that ocular protrusion could be observed onlh 


in animals that were treated with cortisone. The constant occurrence of significant 


the relative « eball weight thes li would it tirst sugyvest that 


| 
) 
COMMENT 
a 
i *@ 
a da i i il rotru i t i i i vith 
cortisone and given 0.4% of the thyroid U.S.P. in the diet as well 


EXPERIMENTAL EXOPHTHALMOS PRODUCED BY CORTISONI 


the appearance of exophthalmos was « iused by, or connected with, the dispropot 


tion between the continued growth of the eveball and the stunting of the rest of 


the body. However. neither the relevant data on individual animals nor those on 
animals belonging to the various other groups described here support this inference 
Exophthalmos, for example, was absent in hypophysecton ized rats despite treat 
ment with cortisone, although theirs were the highest relative eveball weights of the 
whole series; but it was present in intact animals treated with cortisone, although 
their relative eveball weights were lower than those of some untreated young con 
trols in which ocular protrusion was never seen, Neither Walker and associates 
nor Scow and Simpson,’ who drew attention to the marked increase in the relative 
weight of the eyeballs in hypophysectomized or thyroidectomized rats mentioned 
the occurrence of exophthalmos in experimental animals. It is, therefore, considered 
to be unlikely that the cause of ocular protrusion will be found im the dispropot 
tionate growth of the eveballs relative to the rest of the body: nor can it he 
accounted for by an absolute enlargement ot these structures, as had already been 
shown by Smelser* for the guinea pig, and by Sellers and Ferguson" tor rats 
treated with propylthiouracil. In view ot the occurrence of ocular protrusion im 
rats with normal or smaller than normal eveballs, the possibility cannot be ruled out 
that the exopl thalmos induced by cortisone depends on changes m the retrobulbat 
tissues similar to those demonstrated by Smelser* as the cause of experimental 
exophthalmos in guinea pigs 


It is unlikely that the tallure ot hypophysectomized animals to develop ocular 


protrusion in spite of treatment with cortisone could be explained by the dose of 
cortisone not beimg adequate, since both the weight of the body and the weight ot} 
the thymus showed a significant reduction by comparison with those for hypophy 

sectomized controls. It is suggested that marked exophthalmos is the result of a 
synergistic effect of an excess over current metabolic requirements of adrenal ste 

roids and of a normal or raised level of thyrotropin. The experiments reported here 
lend support to this suggestion; in the absence of thyroid-stimulating hormone an 
excess of cortisone alone cannot cause exophthalmos. This view bears a certam 
similarity to the conclusion of Levin and Farber that the ability of an animal to 
mobilize fat trom the depot to the liver requires at least two tactor namel ack 

quate supplies of adrenocortical steroids and an unidentified “triggering lactor 
derived from the adenohypophysis. In support of the conclusion ot these workers 
the daily administration of 1.5 mg. of cortisone to immature hypophysectomized 


rats in this experiment had no effect whatever on the level ot liver tat as measured 


at autop for at that time the wet liver fat of the hypophysectomuzed rats (0) wa 
(including the tandard error of the mean) 4.84 O.2Z9% hile that of the hivye 
ph sectonuzed-cortisone treated rats 7) wa 1.73 0.31% It should be pomited 


out in this connection that the production ot ¢ <ophthalmos in experimental animal 
Is olten accomipal ied b i stimulation of tat metabolism and the occurrence of tatty 
liver 

he well vn clinical ob ervation of the thle effect ot treatment vitl 
thyroid hormone on the course of endocrine exophthalmos is borne out by the 


findings of the present experiment Phe mechanism by which the thyroid hormone 


produce thi effect is not quit clear It appeal howe Cy that one of the 1} por 
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tant factors 1s the amount of the hormone fed the animal. Whereas the ingestion 


of comparatively small amounts (0.5-0.1% ) over the period given had little effect 


on the incidence or the degree of exophthalmos produced by cortisone, its inhibit- 


ing effect became pronounced when the amount of thyroid fed was raised to 0.2 
or 0.4%. It is unlikely that the differences in the incidence of exophthalmos in rats 
‘treated with cortisone with or without added high levels of thyroid hormone can 
be accounted for merely by the relatively small ditferences in the weights of the eve- 
balls and the bodies of these animals; it is more probable that the dependence of 
the ocular protrusion caused by cortisone on the severity of the hyperthyroid state 
induced at the same time is merely another expression of the well-known antago- 
nism between the effects of the hormone of the thyroid gland and those of the adrenal 
cortex. The findings presented here, although they do not prove it, are compatible 
with the suggestion that the favorable etfect of the thyroid hormone on the degree 
of ocular protrusion is determined by the rise in the metabolic rate of the animal, 
which the administration of thyroid hormone must cause; this, in turn, leads to 
increased requirements and to a more rapid utilization of adrenal steroids, an excess 
of which either can no longer be built up or is rapidly reduced Thus, one of the 
factors essential for the production of exophthalmos is removed, and proptosis is 


either prevented or significantly decreased 


SUM MARY 


lhe growth of the eyeballs of male weaning albino rats was studied under vari- 
ous hormonal and dietary conditions. A diet lacking in essential fatty acids pro 
duced a significant reduction of the eyeball weight. Despite a severe inhibition of 
hody growth in hypophysectomized, hypercorticoid, or hyperthyroid rats, the eye- 
halls continued to grow. Although cortisone in intact animals regularly produced 
ocular protrusion, it had no such effect in hypophysectomized rats. The ocular 
proptosis induced by cortisone was not dependent on an increase in the absolute 
or relative eyeball weights but was significantly inhibited if a severe degree of hyper 
thyroidism was induced at the same time. It 1s suggested that the thyroid hormone 
produces this effect on ocular protrusion by preventing the building up of an excess 
of adrenocortical steroids. 

Dr. Elmer Alpert, of Merck & Company, Inc., donated the cortisone; Dr. R. Darlington, 
of the Department of Anatomy, University of Birmingham, made the statistical analyses of 
our data; Miss R. H. Lawrence gave technical assistance, and Dr. M. Beznak performed hypo 
physectomi 
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EXPERIMENTAL INTRAOCULAR INFECTION WITH MUMPS VIRUS 


H. P. KIRBER, M.D 
AND 
MARIA WIENER KIRBER, PhD 
PHILADELPHIA 
S PIDEMIC parotitis is a virus infection whi h mav manifest itself in multiple 


ement of sue. The ocular manifestations of the 


may he divided into three categories 1) involvement of glandular tissue 
micdenitis ) mvolvement ¢ tissue optic neuritis, nystagmus 
ular muscles, paralysi ccommodation), and (3) involvement 

proper (conjunctivitis, keratits cleritis, anterior uveitis, choroid 
descriptions have been summarized by Bonnet! and Bolletiert \ 

of the literature has beet North *; a number of published 
munips keratitis are summiariz ante] ind Long, with more recent 


by Lippmann,” Nectous sel, and Michalek and Iserle 
vical studies of human eve the hy ops are available 


xperimentally, mumps virus ha ( ported | Bolin and associates to 


vive a corneal reaction in the guinea pig on incculation of the virus into the anterior 


chamber, associated with the formation of specific complement-fixing antibod 


Phe studies reported below, aside m confirming son { Bolin’s observations 


were concerned with the types of ocular lesions in the guinea pig in res to 


inoculation of living and attenuated mumps virus, clinical and histological observa 


tions, and the serological response of the animals to the various mumps antiget 


ceived | 


clisease 
dact 
paraly 
focy 
itis). 
rece} 
Cases 
haste 
MATERATI \ND 
ru | Ender train of mumps vir is re rom Dr. W. Henle, of the ¢ dren’ 
Hospital of P delphia, and kept in t hactertological laborateor Wormer Medical College 
wee We ntra llanton pra ve cl embry yere 
ited ith O2 ml virus dilution in sterile tryptose broth containing S00 units of pet 
omg of streptomvem per n nee nserte t i (6 mn 
depth througl ole drilled the ell over the location the ipproximatel 
hel the line delimiting the natural an ce \llantoie flan ere harvested atter five day 
t mecubatior t 4 ind tested tor e of vir bv ed blood avevlutinatior 
lund vith titer f 1:256 or 1:512 re checke for sterilitv, 1 led, and used 1 turthes 
pussage r animal moculation 
Preparations Ultraviolet [Irradiation Virus preparation ere mactivated by the 
‘ method described by Henle and Henle is follow Infected allantoic fluid was dialyzed in 
This study was supported by a grant trom the National Council to Combat Blindness, In 
From the Departments of Ophthalmology of the University of Pennsylvania School of Medi 
cine and the Childrer Hospital of Philadelphia, and the Department of Bacteriology, Woman’ 
Medical College f Pennsylvania 
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tertile Cellophane bags against 20+ vol. of buffered saline of pH 7.0 for 24 to 48 hours to remove 
urates. Dialyzed fluids were irradiated in open Petri dishes for 10 minutes at a distance of 
in. (7.5 cn trom a General Electric germicidal lamp with continuous mechanical shaking 


allantoic fluids were heated for 30 minutes at 60 ( 


membrane harvested atter five days of 


ation 


1 

Che allantoic fluids provided the virus-bound, or V, antiger [wenty per cent suspensions in 
buffered saline we made of the allantoic sacs by emulsifying the tissue in a Waring Blendor 
for five minutes After preliminary centrifugation at 2,000 rpm, the supernatant fluid 


Was 
subjected to centrifugation in tl ingle centrifuge at high speed for one hour Phe 
fluid obt 


supernatant 


Was negative when tested for hemagglutinins and served 


methods cle cribed above 


membranes of unintected chick 


¢ age served as controls tor the antigen preparation In addition to normal 


pension particulate components of normal chorioallantoic membranes 


stored at 


0 gm. or over were al thetized with ether \ 


injected the 


nterior chamb vith a 0.25 n tuberculin syringe fitted with a in., 27-gauge needle Phe 
needle was introduced through the sclera 1 mm. from the upper limbus. In corneal scarification 
experiments the cornea w carified with a hypodermic needle, and a_ sterile vab dipped in 
illantoie Huid fi niected eggs was rubbed over the scarified area. Other routes of moculation 


toot pad and intradermal injection In 


ill these expert 


irving riment 


rabbits 0.05 ; f fluid was introduced 


Guinea Pig erd ul llected 


inoculation and permitted t lot 1] rum \ epal 


ited and ict ted  ¢ 


minutes 


technique 


e sera were prepared, beginning with dilution 1:4. Of each dil 


ich of five tubes, in order to obtain five series of inci 


ceived saline solution (serum control); tl 


natant fluid of 


norma 


ptimal 


titration 
ition 


nown 


isual control were included in each test 


itination lest lor this test 0.4 ml. of viru US] 


chicken 


red blood cells and the mixtures incubated at 4 ¢ 


The degree of agglutination 


Periodate [Treatment (One n 


of allantoic fluid negative for hemagglutination was 
mixed with 0.2 n {0.1 M NalQO, and incubated for 30 


40% 


minute it room temperature lhere 


rus | r Passaa pigs were killed by a blow on the 


len and 


MUMPS WIRUS EXPERIMENTAL AOCULAI VEFECTION 
Heat-Killed Virus: Infected 
Antigens: Allantoic fluid 
is soluble S) antigen 
embryos of the 
Membrane 
(NOP) were All antigens were SE — 10 
Junctival forceps was used to immobilize t fl es 
included subconjunctival (deposit: 
ments the same amount of virus was introduced, the volumes of dilucht -—_—_—_—_—__——— . : 
Vit) the anterior chamber 
Me fren) guinea pigs before and at varying times after a 
me hie sera were stored in the froze tate at 10 ©. until used for tests 
Complement livat l ests The HE employed by Henle, Harris, and Henk was 
used. Twofold dilutions of 
0.1 ml. Was transterred easing dilutions 
Ot these, the first 1 mumps allantoic fluid 
(V antige the third, supernat allantoic membrane suspensions (S antigen) 
the tourtl upernatant fluid lantoic membranes (NM), and the fifth, normal orgat 
particle suspetr n (NOP rhe V and S antigens were used in optimal dilutions, i. ©. 2 to 4 : 
units Of antigen, as determined by preliminary titration with a standard serun NM and NOP : 
intigen vere titrated in a similar fashion against serum of a rabbit immunized with NOP : 
antigen. Fach antigen dilution was mixed with an equal volume of suitably diluted guinea pig 
complement 0.2 ml 1 the mixture was added te the corresponding Desiccated 
mplement ised and diluted that 0.1 ml. contained 1.3 minimal hemolytic dose \iter 
preliminat neubation of the antigen-serum-complement mixtures for 60 minutes at 37 ( 0.2 
ml i nsitized sheep cel (2.5% suspension) was added by automatic pipette. Two units of : 
amboceptor letermined by o 
of complement (no hemolysis) was ¢ end-point. Positive sera of 
titer and all tthe: 
pension of ashed fre 
until the erythrocytes had settled. ‘ii PEE as determined by the pattern 
- formed by the cells at the bottom of the test t 
alter t t | 
neck at a given time atter inoculation and the eve enucleated I he cornea, uvea, | 2 


KI I 


total of 170 guinea pigs were inoculated with various preparations of mumps 
viru lwenty-four hours after the injection of active mumps virus into the anterior 
chamber of the eye a number of changes were noted. \ mild generalized conjunc 


tivitis could be seen, with a distinet dilatation of perilimbic blood vessels, which 
formed a ring | mm. in width around the limbus and invaded the superticial layers ot 
the cornea toa depth Ol about cormea sho ved mode rate ess. usually 


through the entire cornea with the exception of a narrow clear zone around the 


Phe pupil was mioti slip-lamp examination the cornea appeared 
thickened, The epithelium and Bowman's membrane were normal The corneal 
troma revealed fine infiltrates, which were densest in the anterior third of the 


troma: Descemet’s membrane could not be examined in detail because of the inter 
ference by the corneal infiltrates, but it was found to be normal in the clear zone 


near the limbus. The state of the iris also could not be evaluated when viewed 


through the central portion of the cornea, but through the clear zone at the periphery 


the iris markings showed slight blurring and some cellular exudate. These changes 


ire shown in Figure 1; for a comparison with a normal albino guinea pig eye, see 
Figure 2. Eyes enucleated 24 hours after inoculation and examined histologically 
howed normal epithelium and Bowman’s membrane, edema of the corneal stroma, 
and many polymorphonuclear and small-round-cell infiltrates in the anterior third of 
the stroma. The posterior two-thirds usually showed mild edema, and Descemet’s 
membrane and the endothelium appeared normal. The anterior chamber was usually 
free of exudate except in the angle, where some polymorphonuclear leucocytes were 
present. The ciliary body was filled with these cells. On oceasion a fibrinous exu 
date thinly interspersed with polymorphonuclear leucocytes in the anterior and 
posterior chambers gave early evidence of iritis (lig. 3) 

Forty-eight hours after inoculation of active virus the conjunctival injection was 
increased, the concentric ring of perilimbic vessels remained unchanged, and the 


clouding of the cornea was moderately increased. .\t this time definite anterior 


uveitis was noted, The iris markings observed through the clear zone of the limbus 


were indistinct, and the pupil remained miotic. Histologically these eyes showed 
an infiltrate in the anterior third of the corneal stroma of a density equal to that 
found after 24 hours. An exudate, which consisted mainly of polymorphonuclear 
leucocytes and a small number of small round cells, was present in the anterior 


chamber. The iris and the ciliary body were densely infiltrated with polymorpho 


nuclear leucocytes (Fig. 4) 
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‘ retina were ground wit terile alundum * and emulsified in tryptose broth containing 500 units 
f per n and 0.1 mg. of streptomycin per 1 ter to form a 1OG% suspensior hese suspen ms 
ere entrituged tor five minute Internationa it 2,000 pr ane the 
4 rnatant fluids wer tored in ampule "oa ‘ irl di e (dry-ice est until used 
n Jest | kin test at contr ere trom Dr. W lenle 
preparation is been deseribed in detail!” The side 1 the ¢ ea pigs to be used wet 1 
nd mount t each preparat ected intradermally on opy te sicle 
Section Small prick vel it into the 4 erior segments of the enucleated 
ther placed w neutralized tormaliu lhereatter paratt vere 
at tained by matoxyvlin and easu 
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VIRUS EXPERIMENTAL INTRAOCULAR INFECTION 


Albino guinea pig eye 24 hours after injection of living mumps 
of bh 


S18 


Note chemosis of conjunctiva, dilatation of perilimbic ring 
of cornea, fine clear zone at limbus, and slight degree of mi 
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Fig. 2—Normal albino guinea pig eye. Drawing 
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» hours after injection the conjunctivitis and the engorgement of the 


sels were diminished. The cornea began to clear, and the iris markings 


t again: The pupil was wider than on the previous day, but. still 


I 


than normal 
(on the fourth day the perilimbic vessels were only slightly dilated and the cornea 
showed a faint haze. With the slit lamp the cornea appeared normal in thickness 
Some remaining infiltrates were observed in the anterior third of the stroma, and a 
few white specks were seen on Descemet’s membrane 
(on the filth day after injection the eve appeared normal 
The clinical course varied from mild forms, manifested by corneal clouding 


which appeared after 24 hours, reached the maximum after 48 hours, and completely 


disappeared after 96 hours, to severe forms, with different manitestations. Some 
of the severely affected animals showed mainly corneal involvement (Figs. 5 and 6 
which consisted of a dense infiltration of the anterior third of the corneal stroma 
with polymorphonuclear leucocytes and small round cells and a moderate infiltration 
of the posterior two-thirds. In other animals the main change was an iridocyclitis 
with very little corneal involvement (Fig. 7); in vet others a deep interstitial kera 
titis was observed, with considerable ingrowth of vessels in the posterior third of 
the stroma and only mild involvement of the anterior uvea (Fig. 8). In some of the 
inimals showing interstitial keratitis triangular limbus-based opacities developed 
and persisted throughout the period of observation of six weeks, while the remainder 
of the cornea became completely clear. The lesions of all other animals cleared 
completely after various intervals 

Complete recovery from a typical course, in which maximal corneal involvement 
was noted after 48 hours and all clinical signs had disappeared on the fourth day, 
is demonstrated in igure 9. Another type of lesion, illustrating the persistence of 
vessels in the corneal stroma for many weeks after inoculation, is shown in big 
ure 10 

Phe cause of the variation in severity of the course may lie either in the variabil 
ity of the virus inoculum used or in the variability of the individual responses of 
different animals. On some occasions a difference in the severity of lesions in the 
two eves of the same animal injected with the same inoculum could be observed 
Phe virus content of the allantoic fluid injected varied in different experiments from 
to (50% infectivity end-point) as measured by infectivity 
in fertilized hen’s eggs. The severity of the ocular lesions did not seem to be well 
orrelated with difference in | D.no (on the other hand, the mnnyection Ob as small 
an amount as 0.03 ml. is subject to a relatively high experimental error, which 1 
increased by a variable amount cf back leakage when the needle is withdrawn 

Phe lesions described here could be produced only when the virus was intr 
duced into the anterior chamber of the eve. No such changes were noted on injection 


of undiluted active virus subeonjunetivally or by corneal searification, In an attempt 


to find a minimal infective dose for anterior chamber inoculation, the virus moculum 
was diluted 100 and 1,000 times (in this experiment an undiluted virus inoculum 
of 10 1.1).50/ml. was employed ) and injected into the anterior chamber No 
pathological changes could be observed 

In two experiments in which the virus was exposed to heat prior to moculation 


into the anterior chamber no clinical or histological changes in the eve were found 
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big. 5 Albino guinea pig eye 48 hours after injection of living mumps virus into anterior 
chamber Ihe main inflammatory changes are confined to the cornea, which has become so 
cloudy that the outline of the pupil is barely visible. Drawing 


big. 6 Anterior segment of guinea pig eye six days after inoculation of living mumps virus. 
The cornea is markedly thickened; the epithelium and Bowman's membrane are normal. The 


infiltration with polymorphonuclear leucocytes and small round cells is densest in the anterior 
third of the stroma. Note absence of the involvement of anterior uvea. Hematoxylin-eosin 
stain; 27 
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MUMPS VIRUS EXPERIMENTAL INTRAO LAR INFECTION 


Fig. 7 Anterior segment of guinea pig eye six days atter inoculation of living mumps virus 
into the anterior chamber. The main pathological changes were confined to the iris and ciliary 


body, with barely any corneal involvement. Hematoxylin-eosin stain; 27 
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10. Gauinea pig cornea and rts after inoculation of living mumps virus in 
r chamber Note persistence of iall illaries throughout the cornea. Hematoxylin 
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IRUS EXPERIMENTAL INTRAOCULAR INFECTION 


Three experiments with virus exposed to ultraviolet radiation were carried out. In 
the first two experiments a total of 10 guinea pigs were inoculated in the anterior 


chamber of each eye. None of the animals showed any clinical or histological 


changes. In a third experiment six guinea pigs were inoculated with the ultraviolet 


irradiated virus in both eyes. Nine of these eyes developed a ciliary flush with a 


mild corneal haze 24 hours after injection, the response clearing by the third day 


No changes were observed in the remaining three eyes. In all three experiments 


the virus had been inactivated completely by the exposure to ultraviolet light. No 


ACTIVE MUMPS VIRUS INOCULATION 
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¢) CORNEAL SCARIFICATION 


3 a 


2 
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of the eye, subconjunctivally, by corneal 


into the foot pad, and intradermally 


virus could be demonstrated on inoculation of the irradiated material into embryon 


ated eggs and on subsequent passage. The 1.D.59 of the virus before irradiation was 


10°*! and 10°#/mil. in the first two experiments and 10° “* ml. in the third 


\llantoic fluid harvested from uninoculated chick embryos and inoculated into 
the anterior chamber produced no lesions 

None of 28 rabbits inoculated in various experiments with active virus showed 
clinical or histological lesions. Neither did three rabbits inoculated with virus after 
it had been subjected to ultraviolet irradiation 


Serum samples taken at various intervals after anterior chamber imoculation 


with active mumps virus showed high titers of complement-fixing antibodies against 


virus (V) and soluble (S) antigen (Fig. lla). Highest titers were obtained three 


weeks after inoculation (Fig. 12a). Comparative titers obtan ed by the inoculation 
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with active virus of groups of guinea pigs by subconjunctival deposit, corneal scari- 
fication, and toot pad and intradermal injection, are charted in Figure 11. It can 
be seen that on subconjunctival inoculation low antibody titers against soluble (S) 
antigens and somewhat higher antibody titers against virus (\) antigen are 
obtained, which reached their height two weeks after inoculation. A similar curve 
was obtained on intradermal inoculation. Antibody titers against S and V antigens 
after inoculation in the foot pad were higher, reaching their height after two weeks 
and maintaining it for four weeks. It can be seen from Figure 12 that geometric 


mean titers of antibodies against the two antigens were almost equal. A similar 
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big. 12.-Antibody response against V and S antigens of guinea pigs ctive mumps virus 
1 to mumps virus inactivated by ultraviolet irradiation and heat injectec © anterior chamber 


pattern can be seen on anterior chamber inoculation (fig. 12a), showing curves 
obtained by the combination of the results of several experiments done at difterent 
times 

lo see whether the consistently higher antibody titers, especially against the S 
intigen, obtained on anterior chamber inoculation were due to multiplication of 
the active virus in the eye, two inactivated preparations of mumps virus were used 
in several experiments. Guinea pigs were inoculated into the anterior chamber 
with mumps allantoic fluid which had been exposed to ultraviolet radiation, and 
another group of animals, with another portion of the same allantoic fluid inactivated 
by heating Che clinical appearance ol these eves has been described above Pro 


duction of antibodies expressed in geometric mean titers obtained by the combina 
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tion of several experiments is summarized in Figure 12. Low antibody titers against 
V antigen were obtained with virus inactivated by ultraviolet irradiation, and even 
lower titers, with heat-inactivated virus. Antibody titers against S antigen were 
negligible in these animals. It is evident from these data that the highest and most 
persistent antibody levels against V and S antigens were obtained on injection of 
active virus into the anterior chamber of the eye. The minimal amount of mumps 
inoculum for antibody production has not been determined accurately. However, the 
following experiment was performed. Two groups of guinea pigs were inoculated in 
the anterior chamber, one with a 1:100 dilution and one with a 1 :1,000 dilution of 
active virus. Neither group developed ocular lesions. No antibodies were demon 
strable after a period of 10 days in either group; after 4 weeks all four animals in 
the 1:100 dilution group had developed antibodies against S antigen and two ani 
mals had developed antibodies against S and V antigens. In the 1:1,000 dilution 
group all three animals developed antibodies against S antigen and one animal anti 
bodies against S and V antigens. As far as conclusions can be drawn from such a 
small group of animals, it seemed that the attainment of measurable titers required a 
longer time in the case of more dilute inocula, and in the case of V antigen as com 
pared with S antigen 

None of the animals in any of the groups developed significant antibody levels 
against the normal tissue antigens employed in testing 

Observations on antibody production were made in a total of 10 rabbits inocu 
lated with active mumps virus in the anterior chamber and of 3 rabbits inoculated 
with mumps virus after exposure to ultraviolet light. Several of the rabbits devel 
oped antibodies against normal tissue constituents, as indicated by a positive com 
plement fixation test against NM and NOP antigens. After absorption of these 
antibodies with sheep red blood cells, no antibodies against mumps virus could be 
demonstrated. 

Skin Tests.—A number of the guinea pigs injected with the various virus prep 
arations and injected by various routes, and a group of albino guinea pigs which 
had never been exposed to the virus, were intradermally tested with mumps virus." 
Two experiments were performed. In the first one the animals were skin-tested 
1 month after the inoculation of virus and in the second after 11 weeks. All animals 
were bled prior to, and 1 week to 10 days after, the skin testing. Skin test read after 
24 and 48 hours were uniformly negative in all groups. None of the normal guinea 
pigs developed antibodies after the skin test. As shown in Figure 13, a large num 
ber of animals with low antibody titers, or titers below the threshold of measure 
ment, after exposure to active or inactive virus administered by various routes, 
developed substantially higher antibody titers against V and S antigens after the 
secondary antigenic stimulus of the skin test 

Virus Recover \ttempts were made to recover mumps virus from guinea pig 
eyes at various times after inoculation, Suspensions were made as described above 
and inoculated into eggs in dilutions ranging from 10° to 10%. Undiluted allantoic 
fluid harvest from each inoculated egg was tested for presence of virus by the hemag 
glutination test. Negative allantoic fluids were retested after treatment with sodium 
periodate to remove nonspecific inhibitors.’® The 50% infectivity end-point (1.D.59) 
was calculated from these data. 
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In a preliminary experiment 10 guinea pigs were inoculated in the anterior 


chamber of both eyes with living, undiluted mumps virus. In the case of five guinea 


pigs the eyes were enucleated 48 hours after inoculation, and in the remaining five 


animals this interval was 5 days. Virus was recovered from all eggs inoculated with 


individual eye suspensions made 48 hours after infection, while only two of the eye 


suspensions made 5 days after infection showed evidence of presence of virus, and 


these only in low dilutions 


The results of a larger experiment are summarized in Figure 14. Seventeen 


guinea pigs were inoculated with virus in both eyes. The eyes of groups of three 


guinea pigs each were enucleated immediately, 24 hours, 48 hours, and 72 hours 


| 0) ANTI-V ANTIBODY b) ANTI-S AN TIBOOY 


. 
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© ACTIVE VIRUG DLUTED 11000 ANTERIOR + INTRADERMAL INJECTION 
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hig. 13.—-Comparison of antibody titers against V and S antigens before and after inoculation 
of mumps skin test material into guinea pigs which were previously untreated or had previously 
received injections of active or inactive mumps virus into the anterior chamber of the eye or of 
active mumps virus administered subconjunctivally, intradermally, subcutaneously, or by corneal 
scarihication 


aiter injection. The eyes of a group of five guinea pigs were enucleated after 96 


hours. [yes in each group were pooled and suspensions made. Each suspension was 


injected in dilutions ranging from undiluted to 10° into groups of seven eggs per . 


dilution. It can be seen from Figure 14 that the virus content of the eves dropped 


with the lapse of time after inoculation. 


In the three virus-recovery experiments pertormed, the [.D.59/ml. of the original 7 


allantoic fluid was 10°*', 10%", and 10***, respectively. 


No evidence of multiplication of virus in the eyes could be found. ( omplement 


fixing and hemagglutinating antigen could not be demonstrated in any of the sus 


pensions tested 
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Eye-to-Eye Passag \ttempts were made to pass mumps virus from intected 
guinea pig eyes to eyes of normal guinea pigs. (suinea pig eves inoculated with 
mumps allantoic fluid in the anterior chamber and showing the usual pathology were 
enucleated. Suspensions of these eyes were inoculated into four guinea pigs, two ot 
which had been bled prior to inoculation, to be tested for production of antibodies 
later. The eyes of the other two guinea pigs were enucleated after 48 hours, and 
four guinea pigs were inoculated with suspensions of these eyes, two to be used 
for further passage and two for antibody production. .\ total of four successive 


passages was performed. No lesions could be observed on clinical and histological 


' 2 3 
—— DAYS AFTER INOCULATION —— 


Fig. 14.—I.D.«/ml. of mumps virus recovered from guinea pig eyes injected with active 
virus and enucleated immediately and one, two, three, and four days after inoculation 


examination in the moculated eyes, nor could antibody production be demonstrated 
In another experiment anterior chamber fluid was withdrawn from infected eyes and 
injected into the anterior chamber of two normal guinea pigs. No lesions were 
observed, and antibodies did not appear. 


COMMENT 


Ocular complications of epidemic parotitis in man are uncommon. 


Less than 


25 cases of keratitis presumably due to mumps are reported in the literature. In 
most ol these the diagnosis was made on the basis of the keratitis following the 
parotid swelling, which was believed to be due to the mumps virus on clinical evi 
dence only. The usual clinical course of mumps keratitis described was rapid onset 
of photophobia, lacrimation, and decrease of vision following the parotic swelling 
in 3 to 12 days. The keratitis was usually unilateral, In the very few cases in which 
slit-lamp and corneal-microscope observations were recorded the parenchymatous 


keratitis is described as due to edema and the presence of white interlacing fibrillae. 
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‘The absence of vascularization has been noted. In most cases the anterior uvea was 
apparently not involved. The disease was self-limited, with complete healing in one 


to five weeks 


Considerable variations in the clinical manifestations were noted. Bolletieri? is 
the only one who describes a superficial punctuate type of keratitis; this was 
observed on his own eye by Bietti. In Michalek’s case ® the corneal epithelium 
tained with fluorescein. Most other descriptions seem to agree that the epithelium 
is usually unaffected. In the experiments on guinea pigs re ported here no lesious 
on the epithelium or in Bowman's membrane were observed. The interlacing fibril 
lae described by Danielson and Long,’ Lippmann,® and Fields * were not seen in the 
guinea pig. In our observations the characteristic changes were fine white dots in 
the anterior third of the thickened stroma. Similar dot-like opacities were described 
by Bonnet! in man. White streaks with dense centers in Descemet’s membrane 


were observed by Nectoux.® Sagher'’ and Danielson and long mention striate 


wrinkling of Descemet’s membrane, In the guinea pig we were able to observe only 
afew white dots on the corneal endothelium and believed these to be keratic precipi 
tate Most authors describe the keratitis as involving the entire cornea, while 
Michalek,” Shoemaker,'* Iribarren,'’ and Bonnet! speak of involvement of most of 
the stroma with the exception of a clear zone at the limbus. In this experimental 
series on the guinea pig the corneal stroma was uniformly involved but a clear zone 
remained near the limbus, through which the iris could be observed. Disciform and 
triangular limbus-based opacities in the corneal stroma have been described by 
Bonnet,’ Lundsgaard,*’ and others; and these manifestations were also noticed 
among the variations in course encountered in our series of guinea pigs 

The interstitial keratitis with persistence of vessels in the posterior third of the 
stroma, as occasionally encountered in the guinea pig, has not been described 


In 


nan 


he recovery trom mumps keratitis in man is from one to five weeks. In the 
case of experimental infections in guinea pigs it was usually within four days, 
although in some animals it varied from five days to more than nine weeks, after 
which time the eyes were enucleated for histological examination. 

lhe few cases of uveitis in man associated with mumps found in the literature 
vary in onset from 2 days prior to parotid swelling (Weskamp and Boccalandro *' ) 
to 20 days after its subsiding (Ortega **). The disease is usually unilateral. The 
usual onset of uveitis seems to be 11 to 12 days after the swelling of the parotid 
(Villard, Viallefont, and Teyssier **; Roussel’). The descriptions are those of 
anterior exudative iritis, which responded well to atropine and healed within about 
two weeks. 

In our experiments on guinea pigs, involvement of the arterior uvea was present 
in almost all cases. It was observed both clinically and histologically as a mild cycli 
tis 24 hours after inoculation and had its peak on the second day. It rapidly sub 
sided, and cleared within five days. 

The ocular reactions reported above are much milder and much more akin to the 
clinical observations in man than the reactions described by Bolin and associates ?° 
on experimental inoculation of guinea pigs into the anterior chamber with the Enders 
strain of mumps virus. These authors describe a severe corneal reaction with pannus, 
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which was still present 18 days after inoculation. Virus of dilutions higher than to 
10-* gave transitory corneal reactions. The I.D.s59/ml. of virus used by Bolin was of 
an average of 10°", which is considerably higher than the 1.D.59 of the virus used 
in the experiments reported here. On only one occasion did our 1.D.s9/ml. reach 
Hy *:* Che ditference in infectivity of virus may account for the difference in sever- 
ity of ocular lesions, 

Ocular lesions were produced only by active living virus. Normal allantoic fluid 
and virus inactivated by heat or ultraviolet radiation did not cause ocular lesions. 
On the other hand, no multiplication of the virus in the inoculated eye could be 
shown with the methods used. Bolin and Leymaster’s report ** that the virus con- 
tent of the inoculated eye drops rapidly has been confirmed here. 

The studies reported here were confined to the anterior segment of the eye. 
Experiments to study the neurotoxicity of the virus on the retina and the optic nerve 
are in progress 

The virus could not be passed from the inoculated eye to a normal eye at the 
height of the ocular involvement, a fact which is consistent with the rapid disap- 


pearance of virus trom the eye. The somewhat inconsistent appearance of virus on 


successive intraocular passage reported by Bolin and associates '® has not been 


encountered in the experiments described here. The [.D.59/ml. of allantoic fluid of 


the original virus preparation used for our three passage experiments was 10*?, 
10° *, and 10°**, again lower than the average [.D.59/ml. employed by Bolin. 
Guinea pigs having injections into the anterior chamber of living mumps virus 
responded with the development of high antibody titers against S and V antigens. 
Guinea pigs injected with virus inactivated by heat or ultraviolet radiation, or with 


active virus injected by other routes, produced lower antibody titers, especially 


against the S antigen. Development of S antibody has often been found to be 
directly related to virus infection. 

The occurrence of negative mumps skin tests in guinea pigs which had previously 
been injected with active virus might be due to the fact that too little time was 
allowed to elapse between the original injection and the skin test. The rise in titer 
of complement-fixing antibodies after the skin test of guinea pigs with originally low 
or absent antibody titers after exposure to virus has an analogy in observations on 
man *° in which the skin test seems to serve as a secondary antigenic stimulus in 


persons who have had subclinical infections without persisting antibodies. 
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The 


4 guinea pigs on inoculation into the anterior chamber. The typical clinical and histo- 


Ikenders strain of mumps virus produces a keratitis with iridocyclitis in 


logical lesions are described. Variations in the course of the infection are recorded. 


Keratitis and iritis are produced only by active, living virus, not by virus inacti- 
vated by heat or ultraviolet irradiation. 

The relationship of the experimental infection to the clinical mumps keratitis in 
man is discussed 

Guinea pigs receiving injections of mumps virus into the anterior chamber pro- 
duce high antibody titers against the S and V antigens of mumps 


\ntibody titers 


847 


1 M IRCHIVES OF OPHTHALMOLOG) 


elicited by inoculation of inactivated mumps virus, or by inoculation of active mumps 
virus by subconjunctival deposit, corneal scarification, or intradermal or foot pad 
inoculation are consistently lower 

Guinea pigs tested with mumps virus skin test material 1 month to 11 weeks 
after the original contact with mumps virus gave a negative skin test. Guinea pigs 
with low or no antibody titer after the original contact with inactivated mumps 
virus or with active mumps virus injected by any route responded to the skin test 
with high antibody titers. The relationship of these findings to similar observations 
in man is discussed 

The Enders strain of mumps virus produced no lesions in rabbits on inoculation 
into the anteri ~ Chamber of the eye. No demonstrable complement-fixing antibodies 


against mumps antigens were produced in these animals 


Miss Evelyn R. Baker gave valuable assistance in this study 
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EXENTERATION OF THE ORBIT 


HOWARD A. NAQUIN, M.D. 
BALTIMORE 


4 XENTERATION of the orbit is a surgical procedure that has been carried out 

for many centuries. Since the original description of the operation by Bartisch,’ 

a relatively small number of cases have been reported, and it was therefore thought 

worth while to review the cases of exenteration of the orbit performed at the Wilmer 
Ophthalmological Institute during the past 25 years. 


REPORT OF CASES 

During the 25-year period from 1927 to 1953, there have been 48 orbital exen- 
terations performed at the Wilmer Ophthalmological Institute. Thirty-three patients 
were from the public wards and 15 were private.* Table 1 shows the race and sex 
ot this group of patients. Thirty were males and 18 females. Four were Negroes, 
and 44 were white. 

[he ages of the patients at the time of exenteration are shown in Table 2. The 
youngest patient was 9 months old, and the oldest was 75. The pathologic diagnoses 
of these cases are shown in Table 3. k:xenteration was done for malignant tumor in 
44 cases and for inflammatory lesions in 4 cases. For purposes of discussion the 
series has been arbitrarily divided into four groups—-the epidermoid carcinoma, the 
malignant melanoma, the sercoma, and a miscellaneous group. These groups will 
be considered separately 

A. Epidermoid Carcinoma.—There were 14 cases in which exenteration was 
done for epidermoid carcinoma of the lids and face. In 12 cases the neoplasm was 
thought to arise from the lids; in 1 case, from the nose, and in 1 case, from the 
forehead. Some of the data on these cases are shown in Table 4. The ages ranged 
from 42 to 75 years at the time of exenteration, Ten patients were white men and 
+t white women. The pathologic diagnosis was squamous cell carcinoma in 3 cases 
and basal cell carcinoma in 11 cases. In two cases the clinical histories have been 
lost and the final outcome is not known. Of the remaining 12 patients, 6 are known 
to have died of local recurrence, the interval between exenteration and death ranging 
from eight months to six years. Two patients were alive at the time of last examina- 
tion, but with clinical evidence of recurrent tumor. The durations of follow-up on 
these two were 23 months and 3% years. All attempts to obtain further information 


on these patients have been futile. Thus, in at least 8 of 12 cases exenteration of the 
From the Wilmer Ophthalmological Institute of The Johns Hopkins Hospital and Uni- 
versity 
* The following members of the Wilmer Institute staff permitted me to include the 
cases in this series: Drs. A. ( Woods, |]. S. Friedenwald, J. S. Guytor Fk. B. Walsh 
C. H. Bagley, C. E. Iliff, and W. C. Owens 
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rding to Race and Sex of Forty-Eight Cases of 
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venteration 
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the Lids and 


Duration of 
Outeome Follow Up 


Diagnosis 


sasal cell Dead, local reet nee xs mo 
tjasal cell, face Dead, local nee 


sasal cell Dead, local re nee 


tasal cell Dead, local re nee 
Basal cell Dead, local re 
Basal cell, nose Dead, local re 
Basal cell Alive, re 
Squamous cell recurre 
Squamous cell 
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EXENTERATION OF ORBIT 
1.—Distribution 
Male Female Total 
White 4 i7 44 
Neg 
Protal 18 is 
TABLE 2 Distribution ase rding t 
No. of 
Ape Yea Cases 
Under ‘ 
to 2 ] 
ito 4 9 
te 
is 
TABLE 3 nm Forty-hight Ca lal I:xenteration at the 
Ophthaln weal Institut 
Diagnosis No. of Cases 
Epidermoid carcinoma 
Malignant elanonia 12 
Sarcoma 9 
Miscellaneous 
Mal ant t ‘ 
Inflammatory le 
Potal is 
PABLE 4 on Fourteen Cases of Orbital Exenteration for Epidermoid 
of 
W.L ‘ M tyr. 3 mo 
A.M W M yr ; 
W 6 yr 
M.B W } 
S.M 60 Ww M 1 yr. 11 mo 
J.R W M 8% yr 
C. W 2 mo 
W.K 74 WwW M \ ‘ reeurrence yr 
A. I Alive, no recurrence 
H.H ‘ W M Dead, ho recurrence 11% yr 
R. 1 62 W M History lost 
T.R Ww M History lost 
* Sti observatior 
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orbit was unsuccessful in completely removing all neoplasm 


yg In the four remaining 


cases there has been no evidence of recurrent tumor. One patient survived 11% 


years, only to die of an entirely different tumor, a carcinoma of the cecum 
others were alive, with no clinical evidence of 


‘| hree 
recurrence at the time of last examina- 


ne of these disappeared from observation two months after exenteration, 
while the remaining two are still under observation two and a half and five years 
alter 


exenteration 


In reviewing the individual case histories, one is struck by the tremendous time 


delay between onset of signs 


and symptoms of malignant lid lesions and adequate 
definitive treatment. Table 5 is an attempt to show this time lag. Eight of the 12 


Duration of Lid Lesion (by History) Prior to Orl 


ital I:xenteration in 
lwelve Cases of Epidermoid Carcinoma 


Duration 


in Yeur (anes 


Not known 


Total 


TABLE 6.—Orlital Exenteration in Nine Cases of Malignant Melanoma of the Chorotd 


Duration of 
Case \ue Race Sex Outeome Follow-Up 
H.P | Ww F Dead, myocardial infaretion 18 days 
M.S Dead, probable metastasis mo 
J. W 71 Ww M Dead, metastasis yr 
H. ¢ Ww M Dead, metastasis yr 
is w M Dead, metastasis 2yr 
¢ 7 WwW M Dead, “heart attack 9 moO 
O.8 v7 Ww M Alive, “widespread metastasis 7 mo 
Kk. W 63 Ww F Alive, probable metastasis 3 yr 
H. Z.+ ” Ww M Alive, no recurrence ™% yr 


Autopsy 
Still under observe 


ation 


patients gave a history of a lid lesion for five or more years prior to exenteration. 


ne cannot avoid the conclusion that orbital extension of carcinoma arising from 


the lids is the terrible price paid for ignorance or procrastination on the part either 


of the patient or of the responsible physician 


B. Malignant Melanoma here were nine cases in this series in which orbital 


exenteration was done for malignant melanoma of the choroid. Table 6 is 


of these cases 


a summary 
The ages in this group ranged from 48 to 71 years. Three were white 
women, and six were white men, Six of these patients were dead within two and a 
half years of exenteration. One patient developed acute myocardial infarction on the 
10th postoperative day and died & days later. No autopsy was obtained. Four patients 
died with clinical evidence of widespread metastasis. One patient died of a “heart 
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attack” 29 months after exenteration. ‘There was no evidence of recurrence prior to 
death. One patient was alive seven months after exenteration, with evidence ot 
widespread metastasis and a note, “prognosis hopeless.” Another patient was last 
seen three years after exenteration, with no orbital recurrence but with a probable 
metastasis to the spinal cord. Attempts at further follow-up have been unsuccessful 
Only one patient in this group is still alive and under observation, without evidence 
of recurrence, five and three-fourths years after exenteration 

\ number of interesting points are revealed by study of the clinical histories in 
this group of cases. In four cases intraocular surgery had been performed prior to 
the diagnosis of melanoma of the choroid. In one case a corneoscleral trephination 
had been performed on an eye which had been blind for three years. Five weeks 


later the eye was enucleated, and a pathologic diagnosis of melanoma with extra 


TABLE 


Final Observation After Orlital Exenteration m 
the 


Three Cases of Malignant 
Velanoma of 


Conjunctiva 


Duration of 
(ase Age Race Sex Outeome Follow-Up 


no 


recurrence 


yr 


yr. mo 


no recurrence imo 


recurrence 


&§ mo 


* Still under observation 


TABLE 8.—Orbital Exenteration in Nine Cases of Sarcoma 


Case \ge Race Sex Diagnosis Outeome Follow-Up 
J.8 9 mo Ww M Rhabdomyosarcoma Dead, no recurrence 4 wk 
N M Rhabdomyosarcoma Dead, metastasis mo 
S.G 3 Ww Sarcoma Dead, recurrence Il mo 
WwW Sarcoma Dead, metastasis 7 mo 
M.S 7 WwW Sarcoma Dead, metastasis mo 
Ww.c.t Ww M Sareoma Alive, no reeurrence yr 
WwW M Angiosarcoma Dead, metastasis wk 

B. Ww M Angiosarcoma Alive, recurrence mo 
os WwW Angiosarcoma Alive, recurrence 4% yr 


Autopsy 


Still under observation 


bulbar extension was made. In a second case a posterior sclerotomy and combined 
extracapsular cataract extraction had been done on a blind, painful eye. Ieleven days 
later enucleation was done because of persistent pain, and a diagnosis of malignant 
melanoma was made. Ten years later orbital recurrence was noted and exenteration 
carried out. In a third case a Walker diathermy operation for retinal detachment 
was done one and a half years before enucleation revealed a malignant melanoma 
of the choroid with extension through the sclera. [t is quite probable that in this 
case the detachment Operation may have contributed to the spread of the tumor 
into the orbit. In a fourth case an ignipuneture for retinal detachment was carried 
out five months before enucleation established the diagnosis of melanoma. It 1s 
interesting that in this case, although there was a tumor in the sclera and a nodule 
on the external surface near the disc, the patient got along for 15 vears before an 


orbital recurrence necessitated exenteration 


Duration of 
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In three of the patients in this series orbital exenteration was done for malignant 


melanoma of the conjunctiva (Table 7). All were white men. and all three patients 


under observation without ey t recurrence, One patient has been 
followed 4 years & month another ’ months, and a third, 14 vears & 
months. ‘The patient has survive £ than any other in this series 


( Sarcoma Lhere were nine cases }j 11S 1 which orbital exenteration 


vas carried out because of sarcoma. The ases are in Table 8. The patho- 


logic diagnosis was rhabdomyosarcoma in two cases, angiosarcoma in three cases, 
and unditferentiated sarcoma in four cases. The thre patients with angiosarcoma 
were 14, 58, and 62 years of age, re spectively. All the six remaining patients with 
arcoma were under 8 years of age. The voungest patient in the entire series was a 
child of 9 months, in whom exenteration was done for rhabdomyosarcoma. Six of 
the patients were dead within 11 months of exenteration, and 3 were alive at last 
report. Iwo of the three patients still alive at last report had pathologic diagnoses 
of angiosarcoma, while one had a diagnosis of undifferentiated round cell sarcoma. 


One ot these patients was alive without clinical evidence of recurrence two and a 
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half years after exenteration for round cell sarcoma and is still under observation. 
The second was living 31 months after exenteration for angiosarcoma and its still 
under observation. This patient had orbital recurrence following exenteration, but 
this recurrence responded well to implantation of radon seeds. The third patient 
was living but had clinical evidence of orbital recurrence four years three months 
after exenteration for angiosarcoma. 

Although exenteration of the orbit is a mutilating procedure, in occasional cases 
it is justified for cosmetic purposes alone, as is well exemplified in one case (B. Z.) 
of this group. Figure 1 shows the patient before exenteration, and Figure 2, four 
weeks after exenteration. Although the patient died of generalized metastasis seven 
months after exenteration, there can be little doubt that the operation was a cosmetic 
success 

D. Miscellaneous There were 13 cases in this series with miscellaneous patho 
logic diagnoses. Nine were of various malignant tumors, and four were of inflam 
lable 9 


matory lesions. These cases are shown 1n 


TABLE 9.—Orbital Exenteration in Thirteen Cases with Miscellaneous Diagnoses 


Case Race Sex Diagnosis Outeome Follow-Up 
G.D W M Retinoblastoma, ©. I Dead, metastases l yr 

J. 4 7 N M Mixed tumor, lacrimal gland Dead, recurrence 1% yr. 
E.A 39 N I Mixed tumor, lacrimal gland Dead, recurrence 3% yr 
4 W M Meningioma Dead, recurrence 8 mo 
T.K WwW Meningioma Alive, no recurrence yr. 


oO” ‘ W M Carcinoma of antrum Dead, recurrence 6 mo 


we 60 WwW I Carcinoma, lacrimal sac Alive, no recurrence 27 mo 


B 63 W I Carcinoma of cornea Alive, no reeurrence 2 mo 


ay is W I Carcinoma of conjunctiva Alive, no recurrence 5% yr. 
Ww I Granuloma \live, no recurrence 7 
Alive, 


\live, no recurrence 


Granuloma no recurrence 


Granuloma 


Tuberculous periostitis \live 2 wk. 


* Still under observatior 


Exenteration of the orbit was done in one case for retinoblastoma. A child of 
2 years presented with the right eye completely destroyed and the orbit filled with 
tumor. The other eye was intact, but with tumor filling the vitreous cavity. The 
right orbit was exenterated and the child treated with x-rays. Death occurred one 
year later, of generalized metastasis. In two cases in this series exenteration was 
done for mixed tumor of the lacrimal gland. Both patients were Negroes, and both 
died of recurrence, two and one-half and three and one-fourth years after exentera 
tion. There were two cases of meningioma in this group. One patient developed 
osteomyelitis and brain abscess and died eight months after exenteration. There was 
recurrent orbital tumor at the time of death. The second patient was alive, with 
no clinical recurrence, two and a half years after exenteration. Attempts at further 
follow-up have been unsuccessful, One patient in this series, with a carcinoma of the 
lacrimal sac, was alive, with no recurrence, 27 months after exenteration. One 
patient, with a squamous cell carcinoma thought to originate trom the cornea, was 
alive, without clinical recurrence, two months after exenteration. One patient, with 
a basal cell carcinoma of the conjunctiva, was alive, without recurrence, five years 


three months after exenteration. One patient in this series had a carcinoma of the 
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intrum. Five years before exenteration a radical operation on the right antrum was 
done, with partial removal of tumor. The right orbit became involved with tumor. 
and exenteration of the orbit was done. ‘The patient died with tumor recurrence six 
months after exenteration. In four cases orbital exenteration was done for what 
proved to be an inflammatory lesion. Uhree of these were cases of orbital granuloma 
or pseudotumor, and one was a case of tuberculous periostitis. In the first of the 
pseudotumor cases, the orbit was exenterated in 1929, and the histologic diagnosis 

is lymphosarcoma. The patient was alive, without recurrence, seven years after 
exenteration, The pathologic specimen was then reexamined, and on further study 
the diagnosis was changed to inflammatory pseudotumor. The second of these 
pseudotumor patients was alive, with no recurrence, 1014 years after exenteration 
The third patient was alive two weeks after exenteration, but all atte mpts at further 
I] up have been unsuccessful. It is of interest that these last two patients had 
had frontal craniotomy performed prior to exenteration in at attempt to establish 
t diagnosis. There was one patient in whom exenteration was done for tuberculous 


pertiostitis of the orbit. All attempts at follow up on this patient have been unsuc 


I. Surgical Technique In this series, the surgical procedure consisted of 
removing the entire contents of the orbit, including the periosteum, with or without 
removing the lids. When the lids were not removed, they were used to cover the 
anterior portion of the orbit. This did not result in any cosmetic improvement, as 
compared with patients in whom the entire lids were sacrificed and the orbit was 
lined with a split-thickness skin graft. In no case was any attempt made to utilize 
the lids to retain an artificial eve 

lor the last 10 years it has been routine to place unmediately into the orbit a 
plit-thickness skin graft obtained from the thigh. Vrior to this time, the denuded 
orbit was allowed to granulate for some weeks before skin grafting was carried out 
Immediate skin grafting has resulted in a much shorter healing time for the orbit 
ind a much shorter period ol hospitalization Various types of prosthetic devices 
have been used to mask the deformity produced by the operation 

I. Complications.—lhere were two patients in this series in whom osteomyelitis 
of the orbit developed after orbitai exenteration. In the first patient (LL. S.) exen 
teration was done for meningioma of the orbit. No skin grafting was done. There 
vas persistent discharge from the orbit postoperatively. Seven months after exen 
teration the patient noted severe headache and suttered’ one convulsion, with 
transient unconsciousness. Examination showed papilledema and pus draining from 
the orbit. Cramotomy was done, and a large frontal lobe abscess, secondary to 
osteomyelitis of the roof of the orbit, was drained. The patient did poorly and died 
three weeks alter the cramotomy 

The second patient had orbital exenteration for basal cell carcinoma of the lid 
\ Thiersch grait to the orbit was placed six weeks after exenteration lhe ZVYO 
matic bone remained exposed and became necrotic. four months after exenteration 
the patient was readmitted, and a second ‘Thiersch graft, with removal of necrotic 
and infected zygomatic bone, was made. Fifteen months after exenteration there was 
osteomyelitis of the root of the orbit, and it was necessary to remove a large seques 
trum from the orbit. The patient was alive, with probable recurrence of tumor, 
3 months after exenteration. Attempts at further follow-up have been unsuccessful. 
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There was one patient (R.C.) in whom too thick a graft was obtained from the 
thigh. A Padgett dermatome was used to obtain the graft. The graft in the orbit 
sloughed completely, and regrafting was required. The original donor site likewise 
required skin grafting. This complication emphasizes the importance of obtaining 
a thin split-thickness graft 

‘There were a number of miscellaneous complications in this series of cases. One 
patient went into a marked depression and anxiety state in the immediate postopera 
tive period, requiring psychiatric care. Two patients developed postoperative orbital 
infection with Pseudomonas aeruginosa. These infections ultimately responded to 
therapy, without serious consequence. Another patient developed infection of the 
skin graft, necessitating readmission to the hospital for further skin grafting. One 
patient had severe trigeminal pain postoperatively and ultimately required intra 
cranial section of the trigeminal nerve. 

There were four patients in this series in whom careful pathologic examination 


revealed no evidence of tumor i 


the tissues removed at the time of exenteration, 
although two of these later died of generalized metastasis. The first of these four 
patients (C. T.) had an enucleation for a malignant melanoma of the conjunctiva 
ne year later, a 5 mm. brown area was noted in the conjunctiva of the socket and 
exenteration was done. No tumor cells were found. The second patient (IK. S.) 
was seen with a pigmented mass in the conjunctiva of the upper cul-de-sac. This 
was excised and found to be a malignant melanoma. Two months later the orbit 
was exenterated. There were scattered melanin-containing cells in the region of the 
previous mass, but no definite tumor cells. The third patient (M. S$.) had enuclea 
tion of a blind, painful eye. The pathologic diagnosis was malignant melanoma of the 
choroid, with extrabulbar extension, The patient was referred here for exenteration 
five weeks later, but no tumor was found histologically. The patient died of metastasis 
nine months later. A fourth patient (S. G.) had a craniotomy, with removal of the 
root of the orbit and removal of round cell sarcoma from the orbit. The neurosur 
geons believed some tumor remained in the orbit, and a subsequent exenteration 
was therefore performed. However, histologic examination of the orbital contents 
revealed no tumor cells, although the patient eveiitually died with orbital recurrence 

G. Exenteration After Craniotomy.—There were three patients in this series in 
whom cramotomy, with removal of the roof of the orbit, had been done prior to 
exenteration. One (J. M.) had a cramiotomy 16 months before exenteration, There 
were no complications at the time of exenteration. The pathologic diagnosis was 
orbital pseudotumor. Duration of follow-up in this case has been only 14 days. A 
second patient (H. It.) had three craniotomies prior to exenteration—five and a 
half years, three and a half years, and two years, before exenteration. The roof of 
the orbit was removed during the third craniotomy. ‘There were no complications at 
the time of exenteration and none during the follow-up period, of 101% years. The 
pathologic diagnosis was orbital pseudotumor. 

The third patient (S. G.) had a craniotomy, with removal of the orbital roof 
and removal of orbital tumor, three months before exenteration. The pathologic 
diagnosis was sarcoma. At the time of craniotomy it was thought that tumor tissue 
remained in the orbit, and subsequently exenteration was carried out and a Thiersch 
graft placed in the orbit. Healing was uneventful until the 11th postoperative day, 
when there was herniation of the frontal lobe into the orbit. Twenty days after 


exenteration, a second craniotomy, with insertion of a tantalum plate in the roof of 
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Figure 3 


Figure 
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the orbit, was carried out. Seven further operations were necessary to cover the 
roof of the orbit with skin. The patient died 11 months after exenteration with 
orbital recurrence of tumor. 

These cases suggest that exenteration of the orbit may be safely carried out after 
the orbital roof has been removed only if sufficient time is allowed for bone regen 
eration to take place. If exenteration is contemplated shortly after removal of the 
root of the orbit, the neurosurgeons should be requested to close the roof of the 
orbit with tantalum at the time of craniotomy. 


exenteration of the accessory nasal sinuses was done, as well as exenteration of the 


Orbitosinus xenteration 


There were six cases in this series in which 


orbit. The data on these cases are shown in Table 10. In none of these cases was 


TaBLe 10.—Final Outcome in Six Cases of Orbitosinus Exenteration 


Duration of 


Case Age Race Sex Diagnosis Outeome Follow-Up 
M. F 62 W M Angiosarcoma Dead wk 
D.O'C 62 W M Carcinoma of antrum Dead 6 mo 
J. 7 N M Mixed tumor lacrimal gland Dead % yr 
42 W M Epithehoma of lid Dead 4 yr. 3 mo 
A. M 64 W M Epithelioma of lid Dead Sly yr 
Epithelioma of nose Dead 2 yr 


[pparent Cures Following Orbital E-xenteration for Malignant Tumors 


Duration of 


Case Age Race Sex Diagnosis Follow-Up 
5A M Melanoma of conjunctiva fyr.8mo 
oe. 2,” 60 W M Melanoma of conjunctiva 9yr.4mo 
i 60 Ww M Melanoma of conjunctiva l4yr.8 mo 
A. E.* 59 W F Carcinoma of lid yr 
4s Ww I Carcinoma of conjunctiva “Myr 
W M Melanoma of choroid yr 
Carcinoma of lid 11% yr 


* Still under observation 
+t Died of unrelated carcinoma 


surgery successful in completely removing all tumor. All six patients died of local 
recurrence, at intervals ranging from five weeks to five and a half years from time 
of exenteration. Figures 3 and 4 show the appearance of one of these patients, with 
mixed cell tumor of the lacrimal gland, before and after orbitosinus exenteration. 

I. Final Outcome.—There were 42 cases in this series in which exenteration of 
the orbit was carried out for malignant tumor and in which data are available for 
studying the final outcome. The excluded cases are the four of inflammatory lesions 
and the two in which the clinical histories have been lost. Of these 42 cases, 7 have 
become lost from observation after a follow-up period of less than three years, Of 
these seven, four had evidence of recurrence, and three no evidence of recurrence, 
at the last examination. These seven cases are, therefore, excluded. Three cases 
are still under observation but have been followed for less than three years. None 
of these three show clinical evidence of recurrence. 

Chere remain 32 cases. Of these 32 patients, 17, or over 50%, were dead within 
14 The 
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remaining 15 patients survived three years or more after exenteration, but 8 of these 
15 had orbital recurrence. Of these eight patients with orbital recurrence, five died 
of orbital recurrence after surviving from three to six years, while the remaining 
three with orbital recurrence were lost from observation after being followed for 
three years or more 

Thus, there remain seven patients who were alive, with no clinical evidence of 
tumor recurrence, three years or more after exenteration. These seven cases repre 
ent apparent cures. They are shown in Table 11. To this group might some day be 
added the three cases, still under observation, without clinical evidence of recurrence, 


but so far followed less than three years 


COM MI 


N1 

exenteration of the orbit is an operation that must be reserved for malignant 
tumors involving the orbit. This makes it imperative that a detinitive histopathologic 
diagnosis be established before undertaking the operation. Moreover, except in very 
unusual circumstances, exenteration of the orbit should not be carried out if there 
is evidence of tumor metastasis beyond the orbital region. If the tumor 1s limited 
to the orbit and accessory nasal sinuses, orbitosinus exenteration or extirpation 
of the orbit should be carried out. Therefore, it is necessary when considering orbital 
exenteration to utilize all possible diagnostic steps in determining the presence or 
ibsence of tumor metastasis or extension. Only with the knowledge of the exact 
histologic diagnosis and anatomical localization of the neoplasm can one reach an 
intelligent decision on the merits of orbital exenteration 

extension of tumor from the orbit into the bony walls of the orbit or into the 
accessory nasal sinuses may sometimes be demonstrated preoperatively by x-ray 
tudies or by careful I.N’T examination, At other times, however, in spite of nega 
tive or equivocal preoperative x-rays and nasal examination, it becomes evident at 
the time of exenteration that the orbital walls are grossly involved with tumor tissue. 
his occurred in several of the cases in this series. It is necessary, therefore, that at 
the time of exenteration the surgeon be prepared to proceed with removal of any 
involved bony orbital wall or accessory nasal sinus.7 

(once the decision to carry out orbital exenteration has been made, the main 
question confronting the surgeon 1s the question of whether to preserve the lids or 
not. There are various opinions on this question in the literature.t Various surgical 
procedures have been devised to allow the use of an artificial eye following exen 
teration. These techniques require the utilization of both lids and usually involve 
a varying number of surgical procedures over an extended period of time. The few 
reported cases are superb demonstrations of ingenious surgical technique, but not 
of outstanding cosmetic success. This 1s understandable when one realizes that all 
extraocular muscles and the levator of the lid are absent. In the majority of cases in 
this series it would have been inadvisable to leave one or both lids 

It is obvious that in cases of malignant tumor involving the lids, conjunctiva, 
or cornea the proximity of the tumor to the lids makes any attempts to preserve 


the lids ill-advised. In the sarcoma group, there are a number of reasons for not 


attempting to preserve the lids. Once exenteration for orbital sarcoma has been 
+t References 2 through 4 


t References 5 through 16 


| | 
ROU 


EXENTERATION 


OF ORBIT 


decided upon, every possible attempt must be made to remove all tumor surgically 
No surgeon can be certain that the lids do not contain tumor cells. The final outcome 
in the sarcoma group is extremely poor—in our series six of nine patients were 
dead within one year of exenteration. It does not seem fair to complicate the final 
months of life of this group, usually children, with surgical procedures designed to 
produce a better cosmetic result. Furthermore, most of these tumors are radio 
sensitive, and the absence of the lids makes postoperative radiation easier and more 
effective 

(Of our cases of exenteration of the orbit for malignant melanoma of the choroid 


with orbital extension, only two out of nine patients were alive three years attet 


exenteration. Cosmetic surgery seems unwarranted in a group with such a poor 
over-all prognosis. However, since these tumors are not radiosensitive, leaving the 
lids will in no way inconvenience postoperative therapy. These tumors rarely invade 
the lids anteriorly, and probably there is no greater risk involved in leaving the lids 
than in removing them 

In the meningioma group one finds probably the most favorable situation for 
saving the lids and attempting to introduce an artificial eye into the socket. These 
tumors are slow-growing, rarely involve the lids themselves, and occur in an age 
group in which cosmetic appearance is extremely important 

It should be apparent that the decision as to whether the lids should be saved 
or sacrificed must depend upon many factors, the most important of which is the 
exact nature of the malignant tumor as determined histologically. it is likewise 
apparent, if our series is at all representative, that in the majority of cases in which 
exenteration is indicated no attempt to save the lids should be made 

In a number of cases in this series, enucleation of the eye had been performed 
some time prior to exenteration. In these cases the operation was much simpler to 
perform technically. It seems reasonable, therefore, to enucleate the eye as the initial 
step in orbital exenteration. In this way, also, the subsequent use of the cornea of 
the enucleated eye for corneal transplant is facilitated, without detracting im any 
way from the histologic examination of the orbital contents 

Kirby’s technique '? of immediately placing a split-thickness skin graft onto the 
bare bone of the orbit is an extremely valuable contribution. It has been used almost 
routinely in this series since 1944 and has resulted in a much more rapid epitheliza 


tion of the orbit, with consequent fewer orbital infections, shorter postoperative 


hospitalization, and much simpler postoperative care Various instruments are avail 


able for obtaining split-thickness skin grafts, including various knives for freehand 


use. and several mechanical dermatomes 


SUMMARY 


Forty-eight cases of exenteration © 


the orbit, including six cases of orbitosinus 
exenteration, are preset ted. Surgical technique, operative complications, and final 


outcome are discussed 
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CORRELATION OF OCULAR CHANGES IN ESSENTIAL HYPERTENSION 
WITH DIASTOLIC BLOOD PRESSURE 


Preliminary Report 


HENRY MINSKY, M.D. 
NEW YORK 


B* PAYING proper attention to certain clearly defined changes in the retina, 
it is possible for th general practitioner, as well as the ophthalmolk vist, to 
make those observations which will permit him to estimate, within reasonable 


limits ol accuracy, the « x pected level ola patient's diastolic blood pressure, com 
mensurate with these changes 
It is well known that during the course of hypertension remissions in blood 


pressure figures occur. During the periods of exacerbation, on the other hand, 


there take place such profound, irreversible changes in the appearance of the 


retinal vessels, particularly the arterioles, that they remain as permanent signs, 


to be read by him who will. So true is this that, although intercurrent coronary, 


thrombosis will markedly lower the sphygmomanometer readings, it will alter 
not at all the retinal vessel changes deve loped during the high diastolic levels that 
were reached previously. Once a_ persistently elevated diastolic pressure has 


existed, there will always remain a telltale picture in the vessels of the fundus 


It is common knowledge that “in general the retinal changes run parallel with 


the severity of the hypertension” ' when changes in the vessels are present together 


with hemorrhagic infarcts, ischemic infarcts (exudates), and involvement of the 


margin of the optic nerve head (Chart 1) 

However, it is not so well known that even very early in the course of essential 
hypertension there are to be seen equally significant signs, which are practically 
pathognomoni 

Over a px riod of 20 years the conviction has grown that the diastolic pressure 
is directly proportional to the number and the degree of severity of these retinal 
changes. Such a well-defined personal impression should be open to objective proof. 
Therefore a search for some numerical system of grading, weighing, and classifying 
the physical findings in the fundus was started about 10 years ago. 


: A patient's retinal vessels as seen today reveal the results of yesterday’s hyper 
tension and suggest the probabilities of tomorrow. Hence it is in our early diagnosis 
and in preventive medicine that the hopes for the patient suffering from essential 


hypertension must find the basis 


From the Ophthalmological Service of Mount Sinai Hospital 


Statistical calculations were performed by Dr. S. Feitelberg, Department of Physics of 
Mount Sinai Hospital 


Read before the Section on Ophthalmology at the 102nd Annual Meeting of the American 
Medi al Association Ne W York, June xy 1953. 
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\ claim to any finality of conclusions should not be read into this preliminary 


communication, The only purpose, rather, is a plea that this proposed way of 


examining the retina should be used in studying hypertensive cases. Augmented 
by data accumulated by other observers, this method of approach, then, may help 
to clarify the problems of early diagnosis, as well as those of classification, through 
some simple system of weighted values. These values may permit their expression 


in a formula available to any physician for appraising the severity of the hyper- 


tensive state, particularly the earlier cases which comprise Grade | 


This preliminary report owes so much to the numerous earlier students in this 
field (from Marcus Gunn’s®* first classical contribution through Keith, Wagener, 
and Barker *; Wagener, Clay, and Gipner,* and Friedenwald,’? down to Wilson ° ) 


that no further attempt can be made to give credit where it is due. 


AVERAGE NUMBER OF SIGNS 


70 80 90 100 110 120130 140 150 160 170 
DIASTOLIC BLOOD PRESSURE 


Chart 1.—The average number of signs per case is plotted against the actual diastolic blood 
pressures in this series of 100 cases, showing that there is a direct relation of the diastolic 
pressure to the number of signs and the degree of severity of the hypertension 


METHIOD OF SELECTION OF 


CASES FOR 


Pik STUDY 


In the selection of cases for this pilot study, a concerted effort was made to 


keep from the examiner any information that might influence his opinion, sup- 
posedly based on solely objective ophthalmoscopic findings. 
(one hundred cases were studied, each one selected by the resident on the service, 


with the following seven safeguards 


1. Each session was held on a mixed group of patients with and without hypertension 


Kach group contained different proportions of such patients 
3. The examiner had no inkling of the diagnosis or of the course of the patient's condition. 


4. The findings were checked on an outline analysis sheet 


\ note on the findings was dictated to the resident, who recorded it on the hospital chart. 


6. 1 did not see the chart or talk to the patient until after this note on the chart had been 
dictated 


7. The outline analysis sheets were only completed some time after the fundus examinations 


were made, m order to add any other relevant clinical information, the age, and the blood 


pressure findings during the patient’s stay in the hospital 
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SELECTION OF 


EARLY SIGNIFICANT SIGNS AND TERMINOLOGY 


It was decided that all the terms used in this study were to be simply descrip 
tive, positive, and of precise meaning. Any finding open to doubt or question as 
to interpretation could not be used, such as color, relationship of artery to vein, 
corkscrew macular twigs, comparison with “normal” arterioles, or vasospasm. 
The term, once defined and described, should be acceptable to any other observer 
and easily recognized as such by him. Thus it became necessary to coin several 
new terms to describe irregular or focal narrowing in the arterioles. 

A departure from the usual descriptive classification of the blood vessels was 
to divide the arterioles (.\) and venules (\V) according to their branching and to 
enumerate the segments between them: Al, A2, A3, A4, V1, V2, V3, V4. Accord 
ingly, the anteriovenous crossing (.A\VX) received its numerical designation from 
that of the arteriole where the crossing occurred; for instance, A3 meant the third 
division of the arteriole; V2 meant the second division of the venule, and AV X3 
meant the crossing of the vein over or under \3 


Uniform Narrowing (UN ).—Both the normal arteriole and the normal vein 
are characterized by a gradual, continuous, uniform diminution in caliber from the 
optic nerve to the periphery. Between the divisions the segment of the vessel loses 
little in its diameter even if some tiny branches are given off. It is beyond the 
very point of branching that a distinct difference in diameter takes place. leven 
this recognition sometimes requires keen judgment, since by actual measurement 
the diameter of the parent stem has a relationship to the diameter of the dichotomous 
sibling branches of 10:8, or at most 10:7. To attempt to compare the width of an 
arteriole with the average normal was considered to be of even more indefinite 
value and unnecessary, since it involved the making of a decision which would 
vary with different observers. A further objection to considering the use of 
normal diameter was that the number of first branches is so variable. By elim 
ination of the comparison of arterioles with accompanying venules, such as 5:4, 
4:3, and 3:2, the problem was considered simplified, a branch being called narrowed 
only when the diminution in caliber was obvious. 

In the data, the degree of narrowing was recorded by an exponent. A2* indicated 
a markedly narrowed second branch; A4° meant that the fourth branch was difficult 
to see or that it was obliterated. When the time came for total evaluation, it was 
decided that the narrowing of an arteriole was, in itself, more important than the 
degree to which it was narrowed. Therefore the degree of narrowing was dropped 
as an element of evaluation for the time being. 

Irregular Narrowing (1N).—When a vessel narrows either gradually or 
abruptly and Goes not regain its expected caliber, it is termed a distal tapering (T). 
When a vessel is at first narrowed and then becomes wider for the rest of its 
course toward the periphery, it may be called a proximal tapering (PT). When a 
distal tapering of an arteriole (‘T) occurs in only one segment and then the vessel 
regains its former width, the sign is called an hourglass narrowing (11G). When 
several hourglass narrowings occur in one vessel, the condition is called bead- 
ing (Bd) 

Disproportionate Branching —When one branch of a division is markedly 
narrowed but the other branch maintains its expected normal diminution in 


caliber, the sign is called a one-arm narrowed fork (Il). When both branches are 
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pathologically narrowed and the branches do not regain their expected caliber, 
it is designated as a peripherally narrowed fork (F2). There are instances in 
which the stem is narrowed and the branching appears normal in caliber. This 
vn} labeled a proximally narrowed fork (PI), 


Venule Narrowed (VN ).—One of the most interesting observations made in 
this study was the participation of the veins in the phenomenon of narrowing. Some 
alteration in caliber of just one venule was noted in 20 cases and of more than one 
in 15 cases, making a total of 35 cases in which the venule was narrowed. 
the ases this sign was seen in the absence of neuropathy or retinopathy 

the signs deseribed above, uniform narrowing (N), distal tapering (T), 

al tapering (I'l), hourglass narrowing (HG), beading (Bd), one-arm 
narrowed fork (I'l), distally tapered fork (F2), and proximally tapered fork (PF), 
may be present without retinopathy or neuropathy. Hence, these irreversible signs 
may be considered pathognomonic of established hypertensive disease in an ascend- 
ing order of se erity. In the 12 patients who were subjected to sympathectomy, so 
little improvement in arteriolar signs occurred that the appearance, to all practical 
purposes, remained unchanged, except in one in whom some improvement in vessel 


caliber may have taken place. The retinopathy and neuropathy in most cases were, 


on the contrary, remarkably unproved, at times to the state of appearing normal 


Cotton-wool patches (ischemic infarcts) were recorded by the letter X, though 


the term exudate is no lor ye! acceptable Ile morrhagi infarcts were called simply 


hemorrhage (H1), and edema residues were recorded as degeneration (D), in order 
to simplify tabulation and later evaluation 

Arteriovenous Crossings Lhe arteriovenous crossings were recorded according 
to Duke-Ielder’s classification : concealment (C), lateral displacement (D), anterior 
displacement (D*), posterior displacement (D"), and banking (B). 

Optic Dise.—The characteristics of the nerve head were classified as follows: 
clear (( ); indistinct (1), if the margins were seen to be sharply outlined when 
the nerve head was transilluminated by focusing the image of the filament of the 
ophthalmoscope bulb (bare of condenser) on the central excavation ; blurred (B), 
if the outlines of the nerve head could not be seen by streak ophthalmoscopy 
transilluminating the nerve head; edema (E-), and elevation (1.). Since C and | 
were within normal limits, they were included in the calculations but were omitted 
from the evaluation of the weighted significant signs 

The frequency distribution of the various signs was determined (in 67 of the 
patients) in order to gain some idea of their relative reliability in judging the con 
templated weighted values. In the order of increasing frequency, and percentage 
of occurrence, the signs occurred as follows: star-shaped figure in the macula, 2% 
silver-wire reflex, 3%; proximal tapering 3%; copper-wire reflex, 4.5%; one 
armed fork, 6% ; arterial reflex diminished, 7.5% ; beading, 9% ; hourglass narrow 
ing, 13%; elevation of nerve head, 16%; narrowed fork, 16%; AVX anterior 
displacement, 16% ; edema residue (D), 18% ; AVX posterior displacement, 19% 
proximal tapering, 22%; blurred margins of disc, 24%; edema of nerve, 25%; 
distal tapering, 31%; ischemic infarct (X), 34%; irregular narrowing, 36% 
hemorrhage, 40% ; arteriolar reflex increased, 46% ; vein narrowed, 52%; AVX 
lateral displacement, 52% ; AVX concealment, 57% ; uniform narrowing of Al, 
64% ; banking, 64% ; uniform narrowing of A4, 66% ; A2N, 78%; and A3N, 82%. 
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Accordingly, the most frequent signs were the narrowing of the third, second, 
fourth, and first branches of the arterioles; then concealment and lateral dis- 
placement of the AVX; then VN and increased reflexes of the arterioles, and, 


finally, hemorrhage, exudate, etc., in diminishing order. 


SUMMARY OF NONCONTROVERSIAL OPHTHALMOSCOPIC SIGNS 
IN ESSENTIAL HYPERTENSION 


Studies of hypertensive changes in the fundi were made to determine the purely 


objective signs that could be recognized with ease by the general practitioner, as well 


as the ophthalmologist. 


A. Arterioles Arteriovenous crossings (AVX) 


1. Changes in reflexes AVXI1, AVX2, AVX3, AVX4 
: (a) Concealment (C) 
(a) Diminution (—) 


(b) Displacement 
} 


(b) Increase (+) 


(1) Lateral (D) 
Portuosity (2) Anterior (DA) 
(a) Increased (3) Posterior (DP) 
(b) Decreased vesecla) (c) Banking (or compression) (Bg) 
B. Venules 
V1, V2, V3, V4 


Caliber—with reference to subdivi 


sions, corresponding to the 
Uniform narrowing (UN) 
segments (Al, A2, A3, A4) ; la ig 


Irregular narrowing (IN) 
(a) Uniform narrowing (UN) 


Tapering (T) 


(bh rregular narro y (IN 
) Irregular narrowing (IN) Tapering at AVX (T) 


(1) Tapering 

P Retinopathy 

(a) Proximal (PT) 
Diffuse edema 

(b) Distal (T) 

Ischemic infarct—exudate (X) 
(c) Hourglass (HG) 
(d) seading (Bd) (H) 


Disproportionate — branching Edema residue—degeneration (D) 


at the fork 
Optic nerve 
(a) One branch narrowed 


(F1) 


(b) Both branches suddenly 
(F2) 3. Frank edema 


Indistinct margins (1) 


Blurred margins (B) 


narrowed 


‘levation (L 
(c) Proximal narrowing at elevation (L) 


with resumption of 5. Detachment of retina 

caliber be yond (PF) Choroidal changes 
(3) Difficult visualization 


(4) Obliteration (ANQO) 


With simple edema of retina 
With elevation of retina 


Perivascular changes }. With detachment of retina 


FORMULATION OF A TABLE OF UNIT VALUI PER SIGN 


Any reference to blood pressure in this paper means diastolic blood pressure 
exclusively. 

In order to attempt a statistical evaluation of the ophthalmoscopic pictures, it 
was necessary first to assign to each diagnostically significant finding (first column 
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of Table 2) a numerical value. This would create a table of weighted values which, 
though selected arbitrarily, would still be based on our clinical experiences. Several 
questions arose which had to be answered. It was obvious that edema of the nerve 
head is more important than, for instance, a single retinal hemorrhage. What was 
not so apparent was the relationship of AIN, A2N, to Al-+-2+434-4N. Is Pt 
weightier than Fl or PF? Is a narrowed V1 of any significance? And what 
about AVX ? Do displacement and banking of AV X1 have any relationship at all to 
\VX2? The answers to these questions are, to be sure, not conclusive. But it 
‘id seem fairly obvious that one way of approach to the answers was to consider 


ihe increases in the measured diastolic pressures as though they were percentage 


deviations from the normal. Consequently, a base line has to be made from which 
one can figure out these percentage deviations. One can either assume an arbitrary 
normal diastolic pressure, say 85 or 9O, or use the figures in Master’s* tables of 


blood pressure levels in the general population adjusted for sex and age (Table 1). 


Faure | Vormal Range and Limits of Ilypertension 


Hypertension 


Normal Range Lower Limit 


Diastolle 


Age Male Female 


Male 
17 
18.. 
9 
” 
M4 
39. . 

44... 
49 


Female 


70-100 
70-100 


70-100 


Kor each of our patients, the lower limits of the hypertensive diastolic blood 
pressure figures (adjusted for age and sex) in this Table were used as the base 
line of the diastolic pressure 

To illustrate this point, let us take Case 27, that of a woman aged 38, with an 
actual diastolic pressure of 145 mm. According to Master’s table, the lower limit 
of hypertensive diastolic pressure for her age and sex is 100 mm. Hg. The increased 
deviation in her case was 45 mm. Hg, or + 45%. In Case 21, that of a man 
of 47, the diastolic pressure was 130 mm. Hg, i. e., 26 mm. Hg above the lower 
hypertensive level for his age, 104 mm. The percentage increase for this case was 
+ 25% 

It was further assumed that the number indicating the percentage deviation of 
the blood pressure characteristic for each particular case could be used to apply 
equally to all the individual signs in that case. 

The next step was to take a particular sign and list the percentages of blood 
pressure deviations. For example, there were 11 cases in which proximal tapering 
of an arteriole occurred. The diastolic pressures varied from 130 to 160 mm.; the 
percentage deviation adjusted for sex and age varied from —-20%, at age 69, to 
+ 55%, at age 39, totaling +- 246%, which divided by 11 equaled + 224%. It 
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was assumed, then, that the average percentage deviation of the diastolic blood 


pressure for proximal tapering was about + 22%. lor each of the significant signs 


the average percentage deviation was similarly found (second column of Table 2), 
and it was assumed to be characteristic for that particular sign. The third step was 


to arrange these averages in groups corresponding to nerve, retina, arterioles, and 


Taste 2.—Retinal Signs, Percentage Deviations, and Weighted Values 


Percentage 
Sign Deviation Weighting 
Blurring (B) {8 
Edema (F 47 
Elevation (L) is 


Retina Hemorrhage (H) 
Degeneration (D) 
Exudate (X) 


3+ 4N 
Al + 2+ 3-4 (4) N( arrowed) with 
obliterated 


Tapering (T) 

PT: Prox. tapering 
HG: Hourglass N 

Narrowed fork 

F + 


VN: Vein narrowed 
VN + neuroretinopathy 


I + D Banking and displacement 
+D 
+D 
+ D 


NERVE |RETINA) ARTERIOLES | VEINS AVX 

| UN | 
B-6 x5 Al 1|0T-2| VN-3 | 
E-7 H-6 2|PT-3 A2-6 
L-8 0-7 4 A3-8 
|Al+2 
10 
| 


UN VALUES DOUBLED 
IF EORL PRESENT 


Chart 2.—Condensed table of weighted values of the significant retinal signs 


AVX, and to factor them roughly in order to reduce them to round numbers. 
These round numbers (third column of Table 2) at first appeared to be random 
searchings for information, but after the calculations from the raw data were cor 
related, they actually showed that a relationship exists for the ophthalmoscopic 
findings, the patient’s history and physical findings, and the clinical insight of the 
observer. 
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\ very interesting situation developed in considering the data of the narrowed 
venous branches. Where changes in the nerve head were present (in 10 cases) 
the increased percentage deviation for narrowed vein was + 54.8% ; in the 7 cases 
with retinopathy, the increased percentage deviation was + 23%, and when the 
narrowing was uncomplicated by either retinopathy or neuropathy, the increased 
percentage deviation for the VN was + 15% (18 cases). Altogether, there was a 
total of 35 cases in which one or more branches of the vein were narrowed. The 
average increased percentage deviation for all VN’s was + 28.5%. 

Finally, there was evolved a table of significant, pathognomonic retinal signs, 
their average percentage deviations from a hypertensive base line, and their arbi- 


trarily assigned weighted point values (Table 2; Chart 2). 
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Chart 3.—Actual diastolic blood pressure of each patient plotted against the sum of weighted 
signs derived from pathognomonic ophthalmoscopic findings of each of the 99 patients. When a 
single point corresponds to two patients, it is indicated by a solid dot instead of a circle, except 
that the dot at 80 mm. pressure represents seven such patients 


STATISTICAL CALCULATIONS 

1. For the purposes of correlating the ophthalmoscopic signs with the actual 
diastolic pressure by means of the point system developed in Table 2, a value 
varying from 1 to 14 was assigned to every diagnostically significant finding in 
the fundus in each case, counted but once regardless of how often the sign occurred 
in each case. 

With these unit points as a basis, an ophthalmoscopic rating in points was 
calculated for every patient by adding together all the point values of each of the 


as) 


RETINAL CHANGES—DIASTOLIC PRESSURE 


signs found. Whenever either edema or elevation of the nerve was present, the 
unit values for the uniform narrowing of the arterioles had to be doubled in order 
to reflect the Actual diastolic pressure. 

The sum of all the point values may be called the weighted signs, which is 
represented by the symbol S in Equation 1 below. This rating system, although 
partially based on a clinical insight of the relative diagnostic importance of the 
various signs, is, nevertheless, quite arbitrary. 

2. The relationship for every single patient of the actual diastolic pressure (P), 
in millimeters of mercury, as measured with the syphgmomanometer, to the sum of 
values, in points, for the ophthalmoscopic signs (S) is illustrated as rough data 
in Chart 2 

From this point, it should be understood that only the actual diastolic pressures 
and the sum of weighted signs of each individual case are being analyzed. No further 
reference to Master’s hypertensive base line is considered in this statistical analysis 
of the data, since it was employed only to determine a probably valid percentage 
deviation of the diastolic pressure readings. 

From Chart 3 the hypothesis could be formulated, therefore, that there is a 
correlation between the diastolic blood pressure and the ophthalmoscopic findings 
and that one can thus estimate the expected diastolic blood pressure on the basis 
of the fundus findings. Since the observed blood pressure (P) and the weighted 
signs (S) were obtained independently in 99 patients, and since both had definite 
numerical values, this hypothesis was tested by conventional statistical methods. 

This test was made, and it was found that the coefficient of correlation between 
P and S was 


r 0.87 


(which ts significant) 


with a standard deviation of 


+ ().025 
A correlation coefficient r QO means no correlation at all, and 7 ]1 means 
perfect correlation. This value of 0.87, together with a relatively small standard 
deviation of 0.025, is strong evidence for the validity of the hypothesis 


3. The statistical evaluation of the data in this study also gives the relation 


ship between diastolic blood pressure and ophthalmoscopic signs according to the 
equation 


Pe 1.45 S +- 85 (1) 


This equation (1) permits the calculation of an experimental estimation of a 
predictable level or value of diastolic blood pressure, P,, for every individual patient 
by using the “weighted ophthalmoscopic signs” value (S) alone. The first number 
(1.45) in the right side of Equation 1 is a multiplication factor indicating the 
expected rise in diastolic blood pressure above an arbitrary normal for every unit of 
the point system; the second number (85) represents what appears to be “normal 
diastolic blood pressure.” 

It is possible now to calculate an estimated diastolic blood pressure P,, for every 
patient on the basis of the ophthalmoscopic fiindings and to see how well this esti 
mate of pressure checks with the actually observed diastolic pressure 

If this calculation is done, it is found that the deviation (expressed as standard 
error of estimate, o, has the value 


14 mm. He 
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Chis result means that the error of estimate will not exceed 14 mm. Hg in 68% 


of the patients, or that it is possible to predict diastolic blood pressure levels within 


23 mm. Hy in 90% of the patients. Comparing this result, the estimated devia 
tion of the blood pressures, as calculated from Equation 1, from the actual blood 
pressure, as measured directly, one sees that in the 99 patients the error was less 
than + 23 mm. [lg in 89 cases, or in full agreement with the statistical prediction 
Chis agreement indicates that the experimental values have a “normal” distribu 


tion in the statistical sense, adding further confidence to the result of the calculations 


COMMENT 


When it is considered that in the statistical analysis there were 11 cases in which 


either the recorded actual diastolic pressure was affected by some intercurrent shock 
like episode, such as myocardial infarct, coronary closure, brain hemorrhage, or 
metastasis, or there were higher diastolic readings recorded on the hospital chart 
than the one selected for the data, it can be realized that the deductions from the 
statistical evaluation of the raw data are very conservative 
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Chart 4..-The differences between the estimated diastolic pressure and the actual diastolic 
pressure of each case derived from equation /’. 1.455 + 85, are plotted against the sum of 
weighted wns for each case \ total of 83 cases is thus shown For 11 of these the reason 
for their being omitted from the calculation of percentages which reflect the reliability of the 
estimates ts indicated by a comment 


In 47% cases the difference between the estimated and the actual diastolic pressures was 
within 5 mm. Hg; in 72% of cases, within 10 mm. Hg, if there was no failure in the blood 
pressure mechanism 


Chart 4 shows the differences found between the actual diastolic pressures and 


the estimated diastolic pressures commensurate with the fundus picture. Of a 
total of 83 hypertensive patients, the diastolic pressures were estimated within 5 mm 
Hy of the actual pressure in 34, or in 41%. In 52 of 83, or in 62%, the estimates 
were within 10 mm. Hg. In eight cases there were myocardial or other general con 
ditions which interfered with the maintenance of the blood pressure mechanism 
There were three cases in which the blood pressure readings recorded on the hos 
pital charts were higher than the readings used in the raw data. If these 11 cases are 
omitted (from the zone of greater error), as they should be, there is left a total of 
72 cases. Of these, in 34, or 47%, the pressures were estimated within 5 mm. of 
the actual pressure. In 52 cases, or in 72%, the estimated pressure was within 
10 mm. Ile of the actual 
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There is nothing inconsistent in the concept of “estimated diastolic pressure” if 
the actual sphygmomanometer reading does not agree with the estimate, because 


the term has implicit in its meaning that there have been periods in the past when 


the diastolic pressure was elevated for a considerable time. If the estimate is higher 
than the actual diastolic pressure, it means either that the patient is in a state of 
remission or that some clinical condition, such as shock, coronary closure, or myo 
cardial disease, has caused the pressure to drop. On the other hand, if the estimated 
diastolic pressure is lower than the actual, the assumption may be made that the 
blood pressure increase has psychogenic implications 

This report deals only with the raw data and leaves for the future (1) expert- 
mentation with weighted values other than those used in this report, (2) the ques 
tion of arteriosclerosis, (3) the role of age and sex as factors in the estimation of the 
diastolic level, (4) the probability of enlarging the area and depth of Grade | hyper- 
tension, and (5) the possibility of developing a simple classification of hypertension 
based upon clinically estimated levels of diastolic blood pressure dependent upon a 
numerical system of weighted retinal values. 

It is important to make sure that the values in Table 2 be considered as only 
the one experimental set of values that was used in the calculations by which this 
particular sampling of cases was analyzed. If these values were to apply to another 
group of cases, it would be merely coincidental. The possibility of these values being 
the final answer is necessarily a desired hope. Only evaluation of a number of other 
samplings could provide sufficient data on the general population for a final answer. 
The point to be made in this paper is that a system by which weighted values were 
assigned to retinal signs was successfully developed. Further investigation along 
this course might be made by other workers in this field for criticism and confirma 
tion. 


SUMMARY AND CONCLUSIONS 


Ophthalmoscopic examination of the retina offers the general practitioner, as 
well as the ophthalmologist, a means of reading the full effects of past damage that 
attacks of essential hypertension leave, as a permanent recording, on the vascular 
system of the eye, in the very early stages of essential hypertension, as well as in 
later ones. 


The recognition is facilitated by paying attention to several characteristic signs, 
for which new terms, such as tapering and tapered fork, are defined, especially since 
they occur mainly at the posterior pole of the eye. 

The retinal vein participates, to a slighter degree than do the arterioles, in the 
phenomenon of vessel narrowing. 

» A systematic method of accumulating unbiased data is suggested for investigative 
purposes. 

Data on 100 cases are analyzed by weighted signs based on increased percentage 

a deviations from a base line of diastolic pressure. 

The changes in the fundus are directly proportional to the previously established 
elevated levels of diastolic blood pressure. 


The coefficient of correlation of the raw data in this series of cases is r 0.87, 
with a standard deviation of + 0.025. 
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It is possible to assign certain numerical values to each sign so that previously 


established blood pressure levels can be estimated in the individual patient within 
broad limits. In 47% of the hypertensive cases the diastolic pressures were estimated 
within 5 mm. Hg and in 72% within 10 mm. Hg 
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CAPILLARY TUBE METHOD FOR ANTIBODY DETERMINATION 


Preliminary Studies in Aqueous of Rabbits Sensitized with Various Antigens 
TED SUIE, Ph.D 
AND 


JOSEPH SUDIMACK Jr., M.Sc 
COLUMBUS, OHIO 


Hil SMALL amount of aqueous humor which is available for titration of 
antibodies is probably the chief factor that precludes the study of the ocular 
immunologic manifestations in sensitized animals. This investigation was an attempt, 


therefore, to apply an immunologic technique whereby the aqueous humor of one 


eye would be sufficient for antibody titration. Since the adaptability of the capillary 


tube method to immunologic studies has been demonstrated by Chown ' for detecting 


the presence of Rh antibodies and by King * for conducting the milk test for brucel- 
losis, this method was employed for determination of antibodies in the aqueous 
humor 

METHODS AND MATERIALS 


Albino rabbits of varying weights and of both sexes were used throughout the study. Four 
animals were sensitized to bovine albumin * by three intravenous and by three intramuscular 
injections of 0.2 ml. of the antigen, at four-day intervals. Four other animals were sensitized 
in the same manner with 0.25 ml. of heat-killed Micrococcus pyogenes var. aureus (100,000,000 
per milliliter ) lhe animals in each group were bled by cardiac puncture prior to sensitization 
and at four-day intervals thereafter. Paracenteses were performed during the same periods 
Che samples of aqueous humor and serum were stored at —20 C. until used for titrations. Four 
to seven days after the last inoculation two rabbits from each group were subjected to para 
centesis at half-hour intervals 

\ttempts to confer dermal sensitivity on normal rabbits with aqueous humor were made as 
follows: QOne-tenth millililter of primary aqueous and the same amount of secondary aqueous 
were injected intracutaneously into two sites on the back of rabbits which had previously been 
shaver wenty-four hours later 0.1 ml. of the homologous antigen was inoculated into the 
same sites. Antigen and aqueous humor controls were included. Skin reactions were read within 
1 hour and at 24 and 48 hours 

rhe capillary tubes were made of soft glass, 0.8 by 90.0 mm. The antigen was drawn up 
to approximately 6.0 mm., and an equal amount of aqueous was ; wed to flow into the same 
end. Caution was exercised to prevent the entry of air bubbl The tubes were inverted and 
inserted at a 45-degree angle into Plasticine. The inversion permitted the union of the antigen 
ind aqueous ontrols for antibody and antigen were included All tubes were incubated at 
37 C. for three « ight hour The tests were read against a white background under a strong 
light with the aid of a magnifvine glass 

From the Department of Ophthalmology, the Ohio State University Ce Medicine 
Dr. Matthew C. Dodd, Ph.D., Department of 


Bacteriology, Ohio State 7 sity, made 
helpful suggestions in this study 

This work was aided by a grant from the University Committee for Allocation of Research 
Foundation Grants, the Ohio State | niversity 


* 


Bovine albumin, 30% solution, was obtained from The Armour Laboratorie Each milli 


liter contained 0.3 gm. of albumin prepared from bovine plasma 
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OF OPHTH 


primary aqueous humor of rab li ontain antibodies determined 
ver, Immune lies were demonstrable in s uent sany 
\nimals nsitized with the « 
rglutination 


or eight hour 


intigen and the aqueous humor mil; ults were obtained with the sera, Micro 
scopic examination of the plasmoid aqueous humors stained by Wright's method 
did not reveal the presence any leucocytes, and the plasmoid aqueous differed 
Irom the primary aqueous by the presence of fibrinous material 

lable 2 shows the results of titration of antibodies in. the aqueous humors 
intmals sensitized with the micrococcal vaccine. There was no appreciable ditferes 
In titers of the econdary, tertiary, and quaternary aqueous humors 


\ttempts to confer dermal sensitivity with the primary and secondary aqueous 


humor revealed the absence of antibodies in the primary sample and the presence 


of the immune bodies in the secondary aqueous, as manifested by a severe erythema 
and induration at the inoculation site in 24 hours 
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‘at 
q 1. M IRCHIVES 
FINDINGS 
he 
by thi 
q take 
ted 
f the capillary tubes after incubation {MRS at 37 ( Precipitins, on the 
' ther hand, were demonstrated in the aqueous humor of rabbits sensitized with 
thie luble antigen. After three hours at 37 C. a ring formed at the interface of the 
| tration ly ted Ra f ed | md 
is, Respectiv 
Primary Seeonda Vertiary Quaternary Antigen Antibod 
Left eve 
Rabbit Zl (Micrococcus-sensitized 
Vie loa 
I> t 
t Ji 
Primary aqueot 
Secondary aqueo 
ertiary aque 
Q terna 
Rabbit 
Prima iqueous 
rertiary aqueo 
ifernary 
Quintan aquee 
tive aque ( tre be due t peeife antibody combining with residual tiger trac irl 
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COMMENT 


juantitative titration of antibodies, as well as titration of 
mple of aqueous humor 


Both precipitins and agelu 
| by this method 


Ol antibodies in the primary aqueous as tested by 
procedure SIs not a new phenomenos Forty vears ago it was 


cture of the anterior chambet 


as well as naturally occurring 
produced a plasmoid aqueou 


Which the proten 


arly that found in the serum. Like wise, no antibodie 
le capillary tube method in the primary aqueous humors 
nsitized. That specific antibodies were present 1 
nfhirmed by conlerring dermal 


sensitivity on normal 


antibody titer in the tertiary and quaternary aqueous 
humors ; hat in the seeor dary he « plained by the 
ous barriers ; ved, the 
interior chamb half-l 


tivel) ind 


fact that 


diffusion in the 
lour intervals is similar in character. both quantita 
ly ; qualitative] 

\t the present time we are attempting ‘a v this method of titration to the 
wueous hu | patients suffering trom nongranulomatou 
Of antigens which have hee Incrimimated as po sible etn ovic agent With this 
procedure one could attempt to correlate skin reactivitie uch patients with the 


in the aqueous humor 


uveitis with a serie 


peciiicity 


SUMMARY 


method scribed whet aqueous humor sample 
titrated against a series o, antivet nee ot antibodies in the aqueou 
sitized with bovine albumiy 


al nucrococeal 
demonstrated 


the capillary tube method 
normal rabbits with 


Vaccine, TE pee 


and by conferring dermal 


secondary aqueous humor, Whe practical applica 
tic method in cases of ] 


hongranulomatous uveitis is presented 


Chown, B \ Rapid, Sir TL 1 for R \eglutination, Am 
14:114-115, 1944 
King, N tamed Antigen Mill 


iethod as de scribed here permits the use ot small quantities 


al 


ANTIBOD)S ETERMINATION-CAPIL] lk) VETHOD 
ot aqueous humor for 
SCTIES rantigens agan 
tinins may be demonstrat bo 
he absence or | 
classic immunologic 
established that put 
ocular inflammatory proce oe 
content approximated mi 
could le detected with 
Ol animal vhich were a 
the secondary aqueous 3 
animals 
\ 
Thiet \ | 
humor 
tively, wer 
senisitivit 
tion of such a diagn 
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Registry of Interesting Cases 


It 1s the purpose of this section to record cases on the basis of interest only. No complete 
review of the literature is attempted and no claim for priority is implied except when specifically 
stated. Publication of case reports is subject to the concurrence of the Editorial Board on the 
interesting aspects of the case. It is requested that the reports submitted be as brief as is con- 
sistent with inclusion of the pertinent facts, bear a title that is as specific as possible, be prefa ed 
by a paragraph that states why the author feels the case is of interest and be accompanied with 


photographs whenever possible 
VISUAL LOSS FOLLOWING CARDIAC ARREST 


P VIETIENTS with visual loss following cardiac arrest and the reactivation of the 
heart will probably be seen more frequently today than in the past, owing to the 
increasing number of recovers 

loday patient who in the past would have died of cardiac arrest are living, 
owing to Beck’s! work on electric stimulation of the fibrillating heart and the lesson 
we have learned, that of rapid opening the chest or abdominal cavity and manually 
massaging the heart 


Hanks and Papper,’ in discussing the diagnosis of cardiac arrest, stated: 


lhe moment the pulse or blood pressure is not obtainable the surgeon should be notified. The 
urgeon then palpates or inspects a vesse! in the operative field ; Auscultatior i+ 
usually a waste of valuable time. Even electrocardiographic observations may not offer con 
usive proof of cessation of the heart beat. Negovski® has shown that the heart can produc: 


lectrical activity alter it has stopped beating 


Weinberger, Gibbon, and Gibbon * have shown in cats that arrest of cerebral 
circulation for 3 minutes 10 seconds or less was tolerated without any obvious 
neurologic disturbances. When, however, 8 minutes 45 seconds or longer transpired 
in the interruption of cerebral circulation, life could not be restored for more than 
a few hours. The incidence of complete recovery following cardiac arrest or ven 
tricular fibrillation occurring at operation 1s less than 10%, as found in the literature 
and confirmed by documentation 
Hanks and Papper reported on 23 cases of cardiac arrest, | of which ts of interest 
to the ophthalmologist. The patient was a 26-year-old white man whose cardiac 
irrest was dependent upon a postoperative severe hemorrhage. The pupils did not 
react to light, and light perception was not apparent. By the 10th day peripheral 
vision was regained. By the 30th day good intellectual capacity was evident. By the 
50th day vision was good enough that he could read headlines in the newspaper. 
lle had a permanent residual partial visual defect. In this case one cannot determine 


what part of the visual loss was due to cardiac arrest following the hemorrhage and 


what part was due to the postoperative hemorrhage itself 
he case of a baby * that I saw Dec. 11, 1953, however, is definitely one of 
visual loss following cardiac arrest. 

On Dec. & the baby, an &-month-old boy, was operated on for hernia and hydrocele undet 
ether anesthesia. One hour after the anesthetic was started the heart ceased beating. At 
abdominal incision was made and the heart massaged. The entire time from the first notation of 
the absence of the heart beat and the resumption of the heart beat was between three and three 
and one-half minute My first examination was on Dec. 11. The child’s pupils reacted to light 


but there wa no recognition of objects Light perception, ] vever, was present is noted by 


* This case was seen through the courtesy of Dr. Jacob Levine 


ARRES] 


nto ve \ vacant stat appearance 


were normal except for re Phere 


spite of the history of anoxia 


m the fiftl developed a tremor of the upper extremities 
veurological examination was wise negative. No abnormal reflexes 


were 


d and the tremor became less pronounced The baby’s 


regard 
including the return of convergence on near objects, such a 


onth-old infant lhirteen da at operation, he seemed 


weel itter operation abnormalitic 


Cardiac arrest occurs in 1 of 2,500 cases of anesthesia. It may follow many types 
of anesthesia—ether, cyclo] ropane, or thiopental (Pentothal). 
lhe incidence of cardiac arrest is on the increase. At the College of Vhysicians 
and Surgeons and Presbyteriat Hospital, in 1947, out of 9,904 operative cases there 
were 2 cases of arrest, with | complete recovery. In 1948, out of 12,157 cases, there 
were 6 cases of arrest, with | recovery. In 1949, of 13.654 cases there 
of arrest, with recoveries, and in 1950, of 14,013 cases. 
complete recoveries, or a 

The last figure is encouraging from the standpoint of life, 
must bear this condition in mind and ¢ xpect to see such cases 

It is well to reme mber that after asystole the 
bility in the { 


dec reases and 


were / Case 


of arrest, with 6 
7 ncidence Ol recovery 


but ophthalmologists 


cardiac muscle has increased irrita 
peak, but that after this the irritability 
| at eight minutes is less than normal. Electrical stimulation. if it is 

used, shi he done as soon as possible, preterably within three minute 
very anesthetist should see that his institution has 


treatment of cardiac arrest and that all surgeons have 
knowledge of this procedure. The group should include 

‘rom a preventive stat dpoint, it has 
cardiac arrest 1S » 


rst tour minutes, rising to tt 


a detinite procedure for the 
an imtimate and thorough 
a tine keeper 

heen shown that in Lt percentage 


Ol ¢ 
too much anesthesia Phi 


ASCS 
accident, of course, should 
never occu! 


It would seem that edema of the 


cortex, rather th: local retin 
accounts tor the visual | 


al pathology, 
ISADORE GIVNER, M.D., 
1O8 |e. 66th St., New York 21 


M. A. 135:985 ( De 
51:1801 ( Aug 
2:49! 
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VISUAL LOSS FOLLOWING CARDIA( 
blinking when a light was thrown ; 
when vision is present. The {uni 
The child 
with ataxia 
present 4 
On the ninth day vision returne 
was directed to objects presented, 
one would expect from a normal 8-1 
noted 
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urement of the thickne 
chamber were applied to ophthalnar practice 


vlaucoma, keratoy last 


Jaever 


och and Stenstrom Instrument 
uupillometer, and keratometer might be improved b 

Methods of electronic flash retinal ph 


wid 


\rka 


TYORIA 
theor and controvel 
Holst'* fou 
were 
ted thi 


collected 


hat myopr 


thool clildren 


tional 


theor he etrology o 
timulation of the dark-adapted retina 
measured the axial and equatorial diameters 
correlation with total refraction ‘ | | 
it about two-thirds of the amount of 
and one-third 1 w to Variation 
portant, he emphasizes onflict with the 
myopia of ordinary pow from emmetropia 


elieved that ametropia between 


| ROT and writing on opti ind visual pl wlogy are being done | 
irtist istronomer educator ophthaln vist pticiat ptometrists 
orthopist physicist chologists, physiologists, and interested amateur In sucl 
broad field, only the highhyvhts can be included here 
INSTRUMENTS 
lethod cornea and the depth ot 
ind a the retinoscope, optom 
: eter e use of intrared light, 
tography are described 
1) rai hods ot Op thalmosec 
ire deseribed by Ridley.” and Bavadi 
Phere ihout factors contributing t 
thre ad tl it O4 oft i Yroup Ol blind 
were nid / female 
y and rece the male 
lirsel Series of cases of myopia exceeding 6 1)., in which 11 were 
isle ind 26 tematle llowever, of a rroup | iving |e than 6 1). of m 1 O82 
ere males and 929 
While the idea are long and hypermetropic eyes are short 
ippears in tex iii al) over the world, Hulsman,'' an educator, state 
also be considered 
‘ r to the Rushtor 
1 eye 
cormea ind lens 
e toa iriation 
“| lens curve \lore 
which differet 
ti; rmetropia. Steiger 
6 1). and 6 is an accidental statistical con 
Krom the Department of Ophthalmolos ind the Oscar Johnson Institute of t Washingtor 
niversit aT 7 { Medicine 
* Reterence l ind 16 
22) 


bination of freely variable curvatures and axial lengths. Since in myopia the globe 


is longer than it is high aT wide, and in ennnetropla o1 hypermetropia the lobe 
Is spherical, ametropla is not a free statistical process. Myopia is a disease process 
| — ] ] 
aepence hereditary and other lactors 

By the same x-ra technique, Kanefujl'? measured the axial leneth of 475 eves 
lor Comparisor with refractive powe! and cornea curves She found a ditterencee 


in the corre] tion coethcrents tor myopic eves and those how and hyper 


TMELrOp CVes Phe « rrelation between total refraction and axial leneth was ().78 
In myopia, but —0.56 in nonm opia. The correlation of refractive power and cornea 
curve wa 0.03 in myopia and O56 in hnonmyopia. Her figures showed that 
three-fourths of the m opia was due to increased axial length, while only one-fourth 
Va due te crease 1m cornea or lens curves Only shightl more than halt the 
] per etropla was due to axial lenyth Phese data are also In conflict with the 
Steiger theory and distingui h myopia trom other forms of ametropia 

(slei ind Pau!> attacked the difficult problem of retino copie retraction of pre 
mature Nts lor mitormation about the de velopment of ametropia. Tests of 23 


premature infants with eves treated with homatropine were repeated at two-weel 


intervals until the age of 6 or & month lwelve infants showed h permetropia 
Irom to £50 1), whicl vradually increa ed Seven showed m Opla ot 
from 1.00 to 3.00 which changed to emmetropia or hypermetropia. 
remained myopic \ relation of mvopla to prematurity and of hypermetropia to 


hypermaturity has been mentioned in the literature but calls for more contirmation 


Badtke tuchied Cl onic eve sections, lool Wy tor weakne ol the 


clera which might lead to myopia. In some sections he found bulging temporal to 


the optic nerve but thought it a normal compensation for the normally rapid growth 


of that part of the retina at the time. One such pecimen showed ld 


a told im the retina 
Irom rapid growth empha izes that the hap of the embryoni vlobe deter 


nined by the retina until the time when intracculay pressure develop Ile con 


cludes that myopia is a hereditary defect in growth, not a congenital weakne { 


the posterior clera. He add that the onset of Mvyopla at chool ave and the agvyrava 


tion eve movement reading vive evidence agaist the conventtal theory 
\metropia wccompanies hereditary deafness, according to Stockwell Of a 
roup of 960 deat children, 45.5% needed elasse , as compared with a normal 
incidence o bout 20% ()t the deat children needing glasse 18.4% were myopic, 
t figure which conforms to the normal incidence of myopia m young adult 
The laindner theor that rneal inflammation veakens the clera of the posterior 
pole 1 pported by Rumpelhardt \mong 12,000 cases of nivopila, more that 
ere tound to have corneal sear Inflanwnation whihecant 
everit 
lhe iwht-savine cla for the treatment of patholos eal children all 
through sche ts advocated by Barfoed His statistic how that the increase 
In myopia ecame te ray 1d during attendance I spe ial classe and that myopia 
in the same cases resumed a more rapid rate when the children were tran lerred 
to regular classe He concludes that myopic children should do little near work 
regardle ol age or school vracte 
Re 


OPTI iN LIS] PHY SIO] OG) 


1RCHI 


OPHTHAI VOLOG 


In most studies of the change in refraction, figures represent the averages for 
igroup. Bucklers,** paper is of unusual importance because the increase in myopia 
individual eyes was plotted graphically for several decades. Whether or not the 


increase In myopia stopped at the age of 15 was found to depend on habits of read 


1 and near work In one case the myopia wa 6.50 D. at the age of 25 and 
merea ed an equal amount each year, to reach 20.00 LD. at the age of 82 
Jampolsky and Flom * describe the perplexing case of a 25-year-old womat 


who had attacks lasting about 24 hours in which the lens moved within 0.5 m1 


e cornea and produced 9.00 DD. of m Opla The attacks were apparent] 
related to menstrual periods and seemed to regress without complication 


ceric 


ideres 


controve 
thout whether the m opia is due to increased accommodative tone or to spherical 
1] 


ind chromatic aberration of the human eye with a large pupil, The excellent photo 


graphs by Koomen, Scolnik, and Touse showed no changes in curvature of 


the front of the lens before and after adaptation, ¢ unpbell objects. that 


the did not pro ide a visual fixation target, which is necessary lor accommodatior 
Ile poimts out that presbyopes became about 0.75 1D. less m opic in the dark thar 
nonpresbyope Pousey and associate inswered that accommodation does vary 
according to the stimulus in darkne hut that the amount of night myopia can be 
ufficrently explained by aberration and a large pupil. The pupils of presbyope 
do not fully dilate at night: consequently, the aberration is reduced (ter 


explains that in young adults with natural surroundings, both accommodation and 
therration combine to produce night myopia 


Lhe effect of accommodation to reduce the spherical aberration ot the humar 
| 


eye produced by a large pupil is shown by Ivanotf = to be he Ipful up to 1 o1 
\Mlore accommodation would produce the opposite type of aberration, in which axial 
ravs would be refracted more than peripheral ray This conforms to the visual 


needs in night vision. It may also explain why man oung hypermetropes prefer 


to remain undercorrected by glasses, even in daylight 


\R 
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Phe advantages of refraction under conditions resembling normal binocular 
vision are discussed by Wilmut. Cook." and lavet Lhere 4 better re axati 
of accommodative tone in most cases, and the fusion lock prevents cyclotorsion of 


the eve being tested. Possible accommodative etforts due to heterophoria are auto 


matically compensated. Wilmut used a method in which both eyes could fuse all 
peripheral objects, but the eve not being tested was pre vented from seeing the test 
tvpes by a mirror. He believes that the use of Polaroid separation would be a more 


convenient procedure, with the same advantages 


ato and associate present a smmmes of 52 cases in which radial incisions of 
: the inner half of the cornea decreased the myopia rom 1.50 to 7.00 D. without 
obreetior ible CAT 
SIGHT MYOPIA 
Prescription of minus lenses for use at night has not been widely advocated 
‘ but it must now be consi, Authorities agree that the dark-adapted eve is from 
BINOCULAS TION 
t Reterence and 32 
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ACCOM MODATION 


Koch,** editor of the American Journal of Optometry, states that public health 


othcers, educators, and certair ophthalmological leaders will eventually urge optom 
etrists to use cycloplegics in some refractions, mydriatics in some examinations, 
and surface anesthetics for tonometry Phis use is now routine in some military 
clinics 

De Ocampo reports 55 cases in which Filipinos had refraction with the use 
ol atropine, followed by dusopropy] fuorophosphate, O.1% at 30-minute intervals 
until recovery of accommodation. It should be noted that in this country use of 


Insopropyl fluorophosphate has been followed by painful spasm and, in a few cases 
] 


New ¢ clople vic drugs are described by Gettes and Leopold and by Milder 
and Ritfenburg!] Residual accommodation was measured by test type, the Prince 
rule, with a'+ 3.00 DD. lens re each eve It was agreed that lovvl, a k 


acting cycloplegic of brief duration, compared well with homatropine if the refrac 


tion could be done within 30 minutes of instillation of the first drop. If not, addi 


tional drops should be given 


The limits of accommodation and convergence were mea ured by Monjé * from 
the outer orbital margin with the Landolt ring on a card as the test object. The 
end-point taken was the di appearance of the gap in the ring as the card was brought 
in from a distance. The author concludes that asthenopia was more Irequently due 
to weak convergence than to insufficient accommodation Hle agrees with Mee 
mani that accommodation is subject to antagonisti parasympathetic and sympa 
thetic innervation. Because ¢ 


j ] 


the accommodation-conve rvence refle x, he terophoria 
is closely related to thi Mnervational 


tone Similar conclusio1 are reached by 
Siebeck $ from test ol the accommodative tone ot eve treated by atropine, phy 4) 
stigmine, and epinephrine 

Phe concept of antagonistic accommodative innervation has been unpopular 


because of its use by certain practitioners to explain their treatment o 


without vlasse Claims of negative accommodation used to be frequent but in 
recent vears have become quite rare Gigho ** reports the case of a patient with 
8 D. of myopia who at times, with considerable effort could read 20/25 test typ 


without glasses at 20 ft. (6 meters) 


Rasgorshek * objects that the usual tests for re idual accommodation are ina 
curate. He favors the use of Sheard’s dynamic retino cop Brickley and Ogle 
gO a step turther to show that the usual tests for residual accommodation do not 
control the etfects of ocular depth of focus and the ability to interpret) blurred 
Imager Pheir tests of the accommodative level with binocular fixation at variou 
distance under cycloplegia by means of Stigmato copy ina haplo COpe howed me 
accommodation at all lhei apparatus cons! ted of a head holder from which both 
eves could observe a target straight ahead The eve for which the accommodative 


level was to be tested was able. by a semitran parent mirror, to observe a pomt of 


light which could be moved a distance optically equal to a range of from 25 


Cli) 
to infinity \Ithough for convenience the light was mounted on a side-arm, it 
appeared superimposed straight ahead and could be moved by the patient until per 
fectly sharp. Miles *? used a similar instrument in a tudy of the ranges of cleat 
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; on through tritocal lens powers it presbyopes. His tests of the level Of _—_—_—__— 
4 dation in vision at various distance howed that clear vision is due mostly 
! locus and interpretation of blurred imagery. Active accommodation in presbyopia 
relatively unimportant. The beneficial results reported by patients wearing tri 
on is explained by the dilution of bifo U “yump” and doubling and by elimina 
4 tion Of accommodative stimuli 
rickley and Ogle, Miles, and also Graff * found that normal young adults fix 
inocular it infinity did not relax the accon dation beyond a distance « 
Meter There was also a considerable lag or underaccommodation for distance 
; fixation nearer than | meter. Further studi hould be made with other type 
ipparatu and other size nd t pe test object 
: vlan factor uch as sense of nearness, stere copie disparity, size of retina 
r circles, and the relatively unstable convergence-accommodation refi col 
tribute to the accommodative tone wcordimg to bane ie ured comma 
dative tone with lus comeidence optometer on the de-arm of a | iploseope w litle 
th eve fixed a taryvet traight ahead When he timulated ace mnodation b 
; terposing minus lenses and then released it b plus lense there was no wavering 
ol the accommodation level in any case It immediately changed in that directio1 
ece to correct the ergence of Ta at the retina With onochromattn heht 
or ubyect vith color the chanye In accommodation Va lrequently 
wd uncertain 1 He therefore concludes that accommodation usuall 
‘ depends on the HEED a color fringe to the main portion of a retinal image 
ol accommodation 
convergence ratte 
f It | many writers. If the ratio is low 
; 1 reading addition may be decreased 
If ind the amount of reading addition 
and rious characteristics of the 
ratio are discussed 
RETINAL RIVA INANCE, FUSION,-AND DEPTH PERCEPTION 
Pheort Ing again toward the dominance and rivalry 
to he ce n the use of stereoscopic range finders and 
tereoy SIs Was pertect 
4 Vv evel the worl \ th precise 
. teren rivalry tests, in which 
the eve een b by 
one ¢ rit Persot 
vitl pic equip 
In tests of normal perso 
contirmed the an 
peur ot corre | higher 
evel \n) ave the same time be recessive. The final imave 
X84 


In Consciousness consists of a 


mosaic Of images trom the right and left eves. If one 


eve has any ad brightness or in point of view, its 


lvantage it Image gains strength 
\t the same time, in monocular vision any contour o1 hgure will cause suppression 


Its own background 
nonstereoscopic binocular depth etfect is termed 
Miles.“* Persons with high monocular dominance, anisocoria, or an inequality 


retinal image brightness in the two eves make ¢ rrors m 


“antsodominance’ 


judgment of the relative 


distance of ol jects ot any shape If objects of sulhcient contrast are equidistant 
Irom the eve incl at the ippear brighter to the right eve thar to the left, the object 
to the right will ppear nearet Vhe objects do not have to I identical, but ther 
must | ( Ul} Since a dominant eve usually sees object brighter than the rece 
Ive eve, a right-eved persor il see the right of twe equidistant objects nearet 
Ihe sodominance error is now apparent in the original publication by Hloward 
n his sterent 


copsts test. It explains errors in the use of the Howard Dolman depth 
perceptior ipparatu ittributed Scott and Sunn cholo | 


sO apphes to the result published by Sloan and Altman 


Conflicts in the dominance of eve. hand and brain hemisphere may cause prob 
lems in re iding \lethods of diagy is and treatment are discussed by 
ole anit the cla Iheation of dominance motor and Cnsory Motor 
onunance | to do with hting or eye directed bod Movements, while CHSOry 
dominance ts « ied in fusion or rivalry. Retinal rivalr Is a precerebral funetion 
to Wirth lle und that during retinal rivalry thunulation, the pupal 
hght reflex was stronger in that eve which for the moment was dominant Phe 
relation of motor to sensory dominanes wa tudied by Francis and Harwood. 

Winkelman distinguishe hetween sensor fusion, with ats) more complex 


relation to perception, which is cerebral, and motor fu 1on, Which is probably a 
conditioned reflex li understand him correctly, his “momentary primitive 


lusional movement’ is probably due to retinal slip or fixation disparit 


Phe problem of rivalry 


and suppression ol images seen in physiological diplopia 
is discussed in Halldén’s long paper Phe importance in orthoptics of strict] 
oveal lusion target lor mcreasing the amplitucle tall children emphasized 
by Coate Peripheral targets, he says produce fixation di parit Which is a 


PULFRICH 


\ penewum moving ina trontal plane will appear to describe an ellipse instead 


ofa line if for me reason the image of one retina is brighter than the other. Fischer 

nd Habericl ittribute it to a lag iy perception im the darker-seeing eye. whic] 
vould produce an amount « tereoscopie disparity corre ponding to the depth ot 
the ellipse and also to the extent of Panun fusional area Princker points out 
that for some observers the trajectory of the pendulum tool irious shapes, accord 
1 to the ment | set 


upor xperiments by A. Ames Jr. to show that the Pulfrich 


hout reducing the illumination or chat ging the adapta 
tion of one eve |b mean ( an atocal Miavniher hefore one ey 
induced disparity works as well 


Ve optically 


as perception-time disparity adds weight to the 


stereoscopic theory Fischer suggested that since the Pulfrich stereoetfect: could 
be observed only with a mo Ing target, and since the maximum di placement 


«at 
RRS 


1. M. A. Al 


ccurred in the part of the trajector vhere th 


Mach-Dvorak phenomenon must be involved 
ovements are effective visual stimuli. as in tl 


it. The same reasoning applies to the Ame 


CHIVES OF 


] 


e pendular moti 


This means that 


IPHTHALMOLOG) 


m was greatest, the 


only rapid or jerky 


1 case ota bird being talked ly a 


ize-lens ettect 


iehec] tates that patients with anisocoria have a spontaneous Pulfricl 
terecetfect and warns of orientation errors in fast city traffi 
IZE AND DISTANCE PERCEPTION 
Constancy 4 a phenome non ot Ion vhicl object appeal to the 
ible ize regardle of their distance hand 1 twice as large before the lace 
is itis at arm’s lenevth, but the size ipparently remains the same Phe phenomenor 
‘ ts as far distant as 300 ft. (9 meters) according to Renshaw Ihe apparent 
ize data obtained with hi tereod) parator re emble tl e tor the famous “‘alle 
experiment The apparent area of a target can be predicted if the physical size 
nd distance are known. However. the effect of « xperimental conditions on size 
perception 1 ery Iniport int, and the fi ire may not apply to certain natural ul 
rounding Kry* relates Renshaw’s figures to those of Gilinski and Lunelh rs 
pite of the my title. Roeder ha put tern the recent ce velop 


ments mm comparing perceived and physical 5] 


‘ 


lowered light intensity, the tereopsis mereased 


mice \lthough 


erent in his space perception, the amount of error is constant 


every person is dif 


Present tests include 


hose for aniseikonia, tereopsis, the hi ropter, size constan and the estimation 
it distances and angle Lhe error in space judgment is different in m opes thar 
ne hype rmetrope Blank deseribes the techniques of measurement being devel 


ped at the Knapp Laboratory of Uhysieal ¢ otic 


\ new method of measuring the subjective 


he subject be trained j presented by Junker 
he pot while a rotating sector dise act like 
ertical wire When the upper and lower hal, 
late presentation, the wire target is on the ho 
| xpermnent by lLlowarth howed that 


! ] 


hore pter which ¢ 


Binocular vis 


a cover test on 
( CCAS to appe 
ropte 

while visual ac 


within certain | 


lon 


1S maintained at 


lot require that 


peripherally viewed 


ar to jump in altes 


uity decrea ed witl 


init lle attribute 


the mproved depth perception to shorter depth of focus from the enlarved pupi 
This judgment of depth from the harpne ol tocus of the object fixed as « 
with blurred objects at other distances is a monocular clue and hould not be relate: 
to stereopsis as the term is generally defined 


Krummel “ used the Monjé three-wire ste 


normal eve Lhe re ultiny data ved a ban 

curve, Ove measured the precision of stere 
paritv. In his subjects there was a decrease ij 
increased di parity. The range of di parities w 
the proportional changes in stere: copie acuity 


hi 


oundation, There could be an intermingling of 4 


unong multiple arborized cortical dendrites 


\n article of interest to architects and art 


eoscopic test on 


onal tereoscopl 


opsis with grad 
tere | 1 rela 
ithin which 
uggested to © 


eural pathways 


246 young men with 

acuity cdistributi 

ually increasing dis 

tec exponentially 

opsis did exist with . 
gle a neuroat 


from the two retina 


ists which concerns the esthetics of 


hape was written by ten Doesschate lle suggests that Greek and Egyptian artists 


ud secrets still unknown to us which mav Ie 


value, of nasal and temporal retinas 


related to the 


Mmconyriuty of space 


PHY SIOLOG) 

The classical partition experiments were repeated by Brown.”? He found that 
the apparent size of objects seen on the upper retina as compared with that of 
objects seen on the lower varied considerably, but that apparent size on the nasal 
retina as compared with that on the temporal was stable and repeatable over periods 
of weeks. His subjects fixed monocularly on the sliding center of a luminous line 
target. The subject could move the fixation target in either direction until the length 
on one side of the line appeared equal to that on the other. 7] he horizontal values 
were considerably ditferent in various subjects, but a wide variant of one eye was 
usually neutralized by the Opposite type of partition in the other Consequently, 
the subjects tested all showed bilateral partition corresponding to a normal slightly 
convex horopter at the 2-meter distance 

The value for depth perception of proprioceptive clues from convergence o1 
Innervation lor convergence by images in physiological diplopia is discussed by 
Pacalin * and Lyons.7® The depth perception experiments and demonstrations by 
\. Ames Jr. have become available in a book by Ittelson.* 


DEPTH OF FOCI 


It has been mentioned that much of what has been called wnplitude of accommo 
dation is oculat depth of focus. If the depth of focus on normal sized test type with 
a medium pupil is the reported 0.50 D., Coates *' declares it nonsense to provide 
0.12 D. steps in trial case lenses. Many would be Inclined to agree, especially for 
cases in which the subjective refraction seems to vary trom day to day. The matter 
Is too complex for snap judgment. Some patients demand precision to the last 
0.12 D., and a comfortable balance of convergence tone in some persons seems to 
depend on slight difference in sphere. The main point in Coates’s paper is that a 
patient may have two refractive corrections, due to variation in the corneal surface 
power. A man aged 70 could see equally well with +-2.50 or with —6.50 DD. at 


distance No intermediate power would be accepted 


Westheimer ** derived formulae lor estimation of the range of clear vision 
through multifocal lenses in various types of ametropia and powers of reading addi 
tion. The age of onset of presbyopia varied with racial background, according to 
Rambo.** Women in India may be presbyopic by the age of 37. The Greeks wait 


until the age of 40 for bifocal glasses, while Scandinavians may continue to have 
adequate accommodation until the age of 48 


EFFECT OF OCULAR SURGERY ON REFRA( PION 


In 16 eyes on which he advanced horizontal rectus muscles, Borsello ** found a 


permanent increase of astigmatism with the rule up to 1.1JO DD. Sate reports 
surgical cures of corneal astigmatism. PavyiSié * compared the keratometer read 
ings before and after surgery for pterygium in 64 case \msler ** demonstrated 
the usefulness of photographs of corneal mnages of the Placido disk before and 


after corneal surgery 
ASTIGMATISM 

\ very important paper was written by Chilaris ** on the corneal astigmatism 
of more than 2,800 patients. He found oblique astigmatism to be commoner in 
myopia, hypotony of the globe, and enophthalmos ()f the normal controls, 11% 


had no astigmatism, 42% had astigmatism with the rule, and 9% had astigmatism 


RCI} PHT ( 

t the rule. Of the infants, 11% had no astigmatism, 56% had astiematisn 
ith the rule, and 7% had tivimati inst the rule. Of myope 11% ha ( 
ti t 24% had astigmatism with the rule. and 17% had astiemat iwainst 
4 () permetrope 7% had istivimatism 39) had asti it it} 
hye ( i! } id tivmatism against the rule () patient vith 
Ay} if tiginatism, 46° had astigmatism th the rule md t itl 

rst thre rule patient it} enop thal ( 119% hac ast | 16% 

istivinatisn vith the 1 ( ind 24% had asti t iva t the rule 

| row stu ol retractive data o1 dentu il ( }2 f1 ite lt | tette 
nd Rife conclude that astigmat is acquired, whereas sphet re tive 
rrors are imbherited 

ISOMETROPI ) KONI 

he treatment of h perphoria in the reading position of gaze induced by cor 
ect lenses for amisometropia has alwa heen a probles The use of certai 

e curves and center lens thicknesse is in anmiseikonic size lense rvested | 
nine years ago, has been found to Ie practical soluti Lele 
ol especially in patients requiring bifocal glass 

Phe problem of monocular aphakia is discussed by Cowan ind | Pose! 
oon \n excellent review of clinical aniseikonia wa ritten by one of the 
nvinal Dartmouth group, Bannon 

RELATION OF EYE MOVEMENT O VERTIGO 

ome patient ulfer vertigo when breaking in new glasses or when watchir 
moving scenery or water, but the treatment of labyrinthine vertigo b prisms 1 
pectacl ulvised by Baron and Fowler." has not proved successful. Vertigo ha 
not been considered a vinptom « heterophoria Hailding found no evidence « 


retles patl 


py 


human bemy 


Llauty 


related to the 


relating 


acceleration 


heterophoria with labyrinthine 


but depended on the duration ol acceleration 


stimulation 


report changes in accommodative tone upon labyrinthine stimulation of 
lf the reflex exists, it should be even more easily demonstrated o1 
found that the amplitude of nystagmus after body rotation was direct] 


Phe duration of nystagmus was not atfected by accelera 


\n interesting method of pre 


ucing im a normal person a nystagmus resembling the pendular type in an blyopia 


described by ten Doesschate Phe subye 


ler 


the cente 


ol rotation of the eve | nder 


move the blurred retinal image from a sing! 


driving by reducing the amount of ultraviolet light striking the retina during the 
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In recent 
use, 


\ hie «lf 
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ght crivins 


reviews, 


vinle Hotfmann prefers 


Mile 


Sterling recommend 


criticizes advertising 


] 


vertising should make clear tha 


The etfect 


ct 


looks at a pomt of light through a 


placed na trial trame at such a distance that the Mhage locuse 


this condition eve movements do not 


t 


position 


medium green sunglasses for general 


a neutral medium tint for better color dis 


i tinted lenses alleged to aid night 


tinted lenses should not be worn fort 


t whatever tinted lens ma he used would be negligible 


— | 

SUNGLASSES AND GLARE 

| 


ultraviolet light can pass normal cornea and lens. The relation 


hght to human vision is reviewed fully by ( loilvie,'’? and its absorption 


by ocular media is measured by Weale 


‘vthropsia was found by Dubois-Poulser and Deswartes '* to be due to ar 


exhaustion of the entire stock of visual p 


irple by excess light. It occurred in eclipse 


blindness, snow blindness. aphakia, albinism, iris coloboma, and aniridia \n 
article b Sumpsot on ocular haloes and coronas may Ie usetul and interesting 
to those who stud elaucoma and the use of contact le Hses \n article on the | 1} 


dall phenomenon was written by lLaMer and Kerker 


visual acuity from glare was shown hry and 


\lpern || to be due to intraocular stray light, and not to intraretinal reflex s, Which 


reduce fove il ensitivit Rays from the vlare ource are reflected time and 


AY All 


trom the peripheral retina, from whence they finally strike and reduce th contrast 


of the foveal in ive 


COLOR 


VISION 


Richter advised wider use. of quantitative mstruments for 


color vision testing. The anomaloscope Is SO sensitive that variations in normal 
| 


color sense from winter to summer can be demonstrated Perms like “red yreel 
blindness” are becoming obsolete The Ishihara and similar tests are qualitative 
and inconvenient in that the require pure daylight. Schmidt states that artificial 
daylight of standard color temperature and intensity could be used 

Foveal tritanopia means color blindness to small test patterns as it oceurs in 
normal subjects, according to Burnham and Newhall and Phat 
some deuteranopes and protanopes appear to improve in color perception when the 
test targets are larger in area js reported by Jaeger and Kroke1 By relatin: 
color discrimination to the stimulation of accommodation, Fineham conclude 
that color blir cline Is a retinal, not a cerebral. cle rect Ile devi ed an exper 


ment using the lechner colors from t rotating black and white evlinder for evidence 


that color vision is a retinal funetion 


\mateur color enthusiast will find “Science of jor.’ b the on 


Colorimetry of the ()ptical Society of America a treasure. The first two-third 


of the book IS a imple account of the history, ph ICS, ph lolog , and psve holog 
ot color Q)ne issue of the /}) fish Wedical Bulli fin in 1953 devoted to the 
physiology Ol Visio Seven ot the 1] irticles are thout « low 


retina 


Weale © continued his research on color discrimination of peripheral 


In light adaptation, the periphery was more sensitive to vellow and blue than wa 


expected. In two articles, Hurvich and Jameson # call attention to a Shoulder 


in the foveal luminosity curves at 400 to 420 n. Weal suggests that such a 


“hump” night he due to the overlap ol two photomechani is, or there nught be 


absorption effects by ocular media or retinal pigment “hump,” or greater 


sensitivity to blue, is true not only of the mac ula but also of the periphery at certain 


levels of adaptation and must be a phenomenon of both rods 


and 
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Phe etfect on visual thresholds of monochromatic lights or vision through yellow 


filters was studied by Schwarz and Kuhl who found vision improved in yellow 


or in violet-free light. Hartridge,’** like some others, disagreed with this conclusion, 


nee lenses correcting ocular chromatic aberration do not improve visual acuity 


Phe resolving power of the eye in white light, he found, was as good as 1n a theoreti 
cally perfect optical instrument. According to the Hartridge theory, color aberra 
tion fringes are actively suppressed by the retina 


Motokawa and [be * studied color and visual function by means of a unique 


method involving the changes in threshold to phosphenes excited with an alternating 


current applied by electrodes on the temple and forehead lhe dark adapted sub 
ject Vial how! a fla h colored livht several seconds afterward, tests 


vere made of the critical flicker rate determined by the alternating skin current 


at the lowest voltage which would just pr «luce a phosphene The results were 
interpreted to mean specific stimulation of retinal elements sensitive to a certain 
; color Phe alternating frequencies at threshold after various monochromatic light 


timul: came out m harmonics of seven per second 


FLICKER FUSION FREQUENCY 


Continued interest in the use of flicker fusion frequen¢ or clinical perimetry 
; ! hown by the work of Henderson and of Rossetti and Santelli ’ Miles still 
uses flicker perimetry regularly for detection of early glaucoma and early diseases 
, of the visual pathways 
Brill and associates state that the Krasno-Ivy glyceryl trinitrate (nitro 
vlycerin) flicker test is valuable for prognosis in early toxemia of pregnancy. The 
onset of toxemia could be predicted before any other clinical sign appeared lor 
routine office use in the diagnosis of cardiovascular disease, the Krasno-lvy test 
has not been entirely dependable. It could be considerably unproved by stimulating 
treas near the blind spots instead of the fovea 
Yonemura found the flicker fusion frequency decreased in patients with 
i reversible nutritional retrobulbar neuritis without other signs of functional loss 
\Ipern and Spencer believe that the increase of flicker fusion frequency in 
peripheral tests as compared with foveal tests is spurious and would not be present 
if the pupillary size could be controlled. This point is of great theoretical impor 
tance, Whether the pupil is large or small, the amount of light striking the periph 
eral retina in oblique rays is decreased by the elliptical shape of the pupil. In the 
clinical conditions used by Miles, dilatation of the pupil increases central flicker 
fusion rates perhaps three flashes per second. Peripheral flicker fusion rates are 
elevated somewhat more than this after dilatation Some writers had assumed that 
; alternate firing of groups of rods and cones using the same peripheral ganglion cell 
iwccounted for the difference 
licker fusion tests are not suitable for estimation of visual fatique according 
to Ryan and Brozek '** and their associates and cannot be influenced by illusions 
of size and brightness (Berger and Mahneke ). A monumental series of abstracts 
| on flicker fusion phenomena was prepared by Landi 
* References 125 and 126 
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VISUAL FIELDS 


The French textbook “Le champ visuel,” by Dubois-Poulsen and associates, 
does for visual fields what Polyak’s book did for the retina. Dubois-loulsen has 
emphasized the relative sensitivity of parts of a visual field, not the particular shape 
of a contour. He'** made the point that vision of one area of a visual field should 
be compared with that of a paired area on the other side of the central vertical line 
The interpretation of visual fields taken for neurological conditions should resemble 
such tests as comparison of the strength of the knee jerks and the Bender *** 
bilateral touch tests. This concept has grown partly by experience in the use of 
flicker fusion fields, which by its method of recording suggests relative sensitivity, 
and not contour 

Daenen '*’ suggests the use of contact lenses to obtain comparable fields in high 
myopia and aphakia. Havener and McReynolds"! urge the use of correcting 
glasses in high ametropia for visual fields. The Traquair island is well illustrated 


by Harms Scotopic, ultraviolet fluorescence, and other new visual field tech 


niques are described.+ Arakawa used Motokawa’s phosphene thresholds * 
to take visual fields objectively in animals 


Sédan and Sédan-Bauby '** 


determined the effect on angioscotomas of fatique, 
epinephrine, ephedrine, ergotamine, acetylcholine, atropine, amyl nitrite, alcohol, 
and tobacco. Aulhorn and Voges '** showed the differences in visual field isopters 
taken with a small parallel line target presented with the lines vertical, horizontal, 
or oblique. The isopter shape appeared as an ellipse in the same direction as the 
presentation of the target lines. Zanen'*’ found a field defect to blue targets char 
acteristic of chorioretinitis. Nerve conduction diseases caused field defects to vellow, 
white, and red targets. 
VISUAL ACUITY 
Matters pertaining to visual acuity without glasses are discussed by Benton,’ 


Robinson,'*? Fry,'®* and Pascal.'** 


Many visual screening devices today use pat 
terns for which the direction of a contour at 45-degree intervals is to be determined. 
Leibowitz discusses the fact that acuity is greater for erect than for oblique 
contours and attributes it to the mosaic pattern of rods and cones. One should 
note the related work by Harrison '®® and Ludvigh.'®? Gilbert '°* defines visual 
acuity in terms of the broken-ring test object and the “torced-ch. ice” statistical 
method, Practical matters of target design are discussed by Chapauis,'®’ Smeed,'®° 
and Gerathewohl.'"! Tests of visual acuity by opticokinetic nystagmus on a revoly 
ing drum are described by Nicolai and Mackensen 


Papers concerning the determination of visual acuity for clinical purposes are 


presented by [hlers," Maxwell,'"* and Kestenbaum.'®® Their 


point of view on chart design is practical. Ichlers states the general feeling that 
sizes of test types selected should be such that a patient can read all but one or two 
letters in a line and will Wss most of those in the next lhe ditferences in size 
of test type in adjacent lines need not be in geometric or logarithmic progression 
Kestenbaum savs that records of visual acuity should include the distance of the 


test. Near vision might be superior to far vision in patients with peripheral lens 
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or corneal opacities or with uncorrected astigmatism. Far vision might be better 


than near vision in the presence of central lens or corneal opacities or of partial 


cotomas 


(uendet upholds the strict design of visual test charts to conform to Fechner’s 
law that sensation is proportional to the logarithm of the excitation. Ogle pomts 
out that chart designed by Snellen Javal (sreen, and the armed forces satisfy the 
requirements of bkechner’s law but that five others which are in common use do 
not. Ogle expresses the opinion of the Committee of the International Council of 
(Ophthalmology that a decimal system of recording visual acuity is unsatisfactory 
because it can give 10 indication of the distance used and implies percentage visual 
Phe adoption of the visual angle of resolution in minutes of are of component 
parts of test letters is advised for a 


international standard. The particular geo 
metric progression in size of test types should be determined by the need, not by 


international standard 


VISUAL FATIQOQUE AND DISABILITY 


Problems related to difficulties in reading are discussed by Orbach, lames, 
Neely,’ Berger, \ulhorn,'*® Park, Kephart,’** Olson and associates,’™ and 
[.yle."* \ handbook on lighting is published by the Hluminating [Engineering 
Society.! Weston '** believes visual fatique to be considerably influenced by 
fatigue of eye, face, and neck muscles. Riffenburgh '** found refractive or motility 


errors not as important in causing symptoms in radar operators as the duration of 
observation duty or the method used to search the radar screen, The operators 
should rest after each half-hour, and the eyes should be kept in motion over the 


screen, with an occasional glance away. 

\n interesting error of airplane pilots, which probably also occurs on straight, 
level highways, was deseribed by Clark '** as “fascination.” During monotonous 
routine flying the eyes develop a hypnotic stare or fixation. Vilots recognize the 
ymiptoms but need tramimg m methods to snap out of it. The treatment is to keep 


the eyes moving 


Retinal adaptation, sometimes termed fatigue, in which an object: fixed will 
periodically disappear and return, was studied by Monje,'*’ Riggs, and Craig, 


and their associate In the peripheral retina, the stimulation of areas on at 


oblique meridian disappears for periods twice as long as similar stimulation on a 


vertical or horizontal meridian 


DARI 


ADAPTATION 


eli-recording adaptometer is described by Weidmann : \\ Miles 


discusses adaptometer instrument targets and their use in testing night vision 


Peskin found no difference due to race in the dar} adaptation curves of 170 
white and SO Negro ubject although there were differences corresponding te 
we and occupation groups. More theoretical problems of night vision were studied 
by Adair Brow Bridgmar and Rushton.!"* 


The practical question as to the best method of inducing and maintainine d 


adaptation is discussed by W. Miles '% and by Smith and Dimmicel It is inter 


esting that dark adaptation proceeds almost as rapidly when some vision is per 


mitted through red glasses as it does in complete darkness 


IND VISUAL PHYSIOLOG) 


VISUAL PHYSIOLOGY 


Knowledge about visual physiology is well summarized in a book by Pieron.'” 
He discusses flicker fusion, dark adaptation, glare, the trichromatic theory of color 
vision, brightness, color blindness, cortical visual mechanisms, and other topics ot 
interest. In his opinion, except for adaptation, vision is more electrical than it 1s 
photochemical. ‘Two valuable source books on human vision appeared this year, 
one by Berens and Sheppard,'** the other by Weiner and associates,'’" 

The Stiles-Crawford directional sensitivity of the retinal receptors is described 
by Alpern and Benson and Beck as a mechanism to reduce the etfect of spheri 
cal and chromatic aberration in the human eye. Ten Doesschate *°* devised a method 


of entoptic imagery of the foveal nerve fiber layer 


PHE ELECTRORETINOGRAM AND PHOTIC DRIVING 

The literature on electroretinography prior to 1952 is reviewed by Bounds.*° 
The subject is also well covered in a book edited by Streitf.*°* Zetterstrom “°° found 
the electroretinogram absent in 30 premature and in normal infants at birth. The 
wave amplitude gradually developed in infants, until at the age of 6 months it 
became 0.25 myv., as compared with 0.35 my. in the normal adult. Development of 


wave amplitude in the premature infant was delayed 


Clinical electroretinography is reported on by Straub,?’* Muller-Limmroth,?”’ 


Henkes,?"* Burian,*°’ and Jacobson and O'Brien.*'® Physiological studies are pub- 
lished by Enroth,?"! Best,?'* Kuffler,?!* Rushton,?'* Henkes and Rottier,?!> Arming 
ton,?'® and Granit and Wirth.*"’ 


When the retina is stimulated by a bright light flashing at a rate about 12 per 
second, or a rate equal to the individual alpha rhythm, the occipital electroencephal 
ographic leads show spikes corresponding to the flash rate. In certain persons, 
children, and patients with epilepsy, nearly any flashing frequency will drive through 
and appear on the electroencephalograph record. When the flashing frequency rein 
forces the alpha rhythm, the natural electrical pulse of the brain, the photic driving, 
becomes more definite. The flashing frequency may be a harmonic, or a rate twice 
or three times the alpha rhythm 

In certain persons the bright flashing light will cause “‘flicker sickness,” as 
described by Ulett \n attack of epilepsy may occur in susceptible patients 

The time of transmission of the retinal response to the cortex can be measured 
readily by the method of Monmer and von Berger?!" This time amounts to about 
5 msec., and may be decreased in certain diseases of the visual pathways Clinical 
studies on transmission time were made by Muller-lLimimroth Photic driving 
was attempted by Parsons-Snuth £ in a group of children with amblyopia ex 


i 
\ll the children had had orthopti training Phose with amblve pla ex 


anop Wi 
anopsta did 
show more electroencephalographic abnormalitue Phere was no ditference noted 
in regard to photic driving Motokawa used various colors of light fo photic 


driving. He found no pattern or amplitude differences for equal physical amount 


of light. 


t References 221 and 222 


; 


OPHTH 


1_LMOLOG) 


] e Leonibus, | Thickness of the Corne:; 
21:407-414 


Lister, A.; Philps, A. S., and Langham, M Measurement of Corneal Thickness 
Its Application to Keratoplasty, Brit. J Ophth. 37:436-438, 1953 


4. Jaeger, W liefenmessung der menschlichen Vorderkammer mit planparallelen Platten, 


Graetes Arch. Ophth, 153:120-131, 1952 


tenstrom, S An Apparatus for the Measurement of the Depth of the Anterior Chan 


ber Based on the Principle of Lindstedt, Acta ophth. 31:265-270, 1952 


6. Knoll, H. A An Infra-Red Skiascope and other Infra-Red Ophthalmic 
ment \m. J. Opton 30: 346-350. 1953 


Research Instru 


7. Hansell, P., and Beeson, E. J. G Retinal Photography in Colour, Brit. J. Ophth 


, and Rucker, C. W Fundus Photography in Color Using a High Speed 
Flash Tube in the Zeiss Retinal Camera, A. M. A. Arch. Ophth. 49:435-437, 1953 
9. Ridley, H Recent Methods of Fundus Examination Including Electronic Ophthal 


moseopy, Tr. Ophth. Soe. U. Kingdom 72:497-510, 1952 


10. Arkin, \ Sur les grossissements de l'image droite du fond d’veil realisables par lophtal 


Ophthalmologica 124-133, 1953 


Bayadi, ( New Method of Slit Lamp Micro-Ophthalmoscopy Brit | 


Ophtl 


Blindness in Norway, Am. J. Ophth. 35:1153-1166, 1952 


13. Hirseh, M. J Sex Differences in the Incidence of Various Grades of Myopia, Am. J 
Optom. 30:135-138, 1953 


14. Hulsman, H. | Visual Factors in Reading with Implications for Teaching, Am 
Ophth. 36:1577-1586, 1953 


15 Sorsby, \ Changes in the Refractive Power of the Cornea 
Ophth 


During Growth, Brit. J 


16. Sorsby, A Ihe Nature of Refractive Error, Brit. M. Bull. 9:22-23, 1953 


17. Kanefujl, M Correlation Among Refractive Factors (Japanese), Acta Soc. ophth 
Jap. $7:85-97, 1953; abstracted, Ophth, Lit. 7:37, 1953 

18. Gleiss, J., and Pau, H Die Entwicklung der Refraction vor der Geburt, Klin. Monatsbl 
\ugenh. 121:440-444, 1952 


19 


Badtke, G Knwicklungmechanische Faktoren bei der | 
Augapfels, von Graefes Arch. Ophth. 152:671-688, 1952 


rmgebung des embryonalen 


20. Badtke, G Kritische Auswertung der modernen The 


rien uber die Myopiegenese und 
der Versuch einer einheitlichen Betrachtung des Problems aus der Blickfeld der Missbildunes 
lehre, von Graetes Arch Ophth 183:231-272, 1952 


21 Stockwell, | Visual Defects in the Deaf Child, A. M. A. Arch ()phtl 48: 428-432, 1952 


22. Rumpelhardt, } Untersuchungen uber die Bezichungen zwischen Myopie und Horn 


hautnarben, Klin. Monatsbl. Augenh. 120:397-403. 1952 


23. Barfoed, P.: On the Prognosis in Excessive Myopia, Acta ophth, 31:271-281, 195 


24. Bucklers, M Changes in Retraction During Life, Brit. J. Ophth. 37:587-592, 1953 


Jampolsky, and Flom, B lransient Myopia Associated 
of the Crystalline Lens, Am. |] Ophth. 36:81-8 1953 


with Anterior Displacement 


26. Sato, 7 \kiyama, K., and Shibata, H \ New Surgical Approach to Myopia, Am. J 
Ophth. 36:823-829 (June 1), 1953 


Koomer M Scolnik, k and |] 


ousey, Kk Measurement of Accommodatior 1 Din 


Light and in Darkness by Means of the Purkinje Images, ] Optic. Soe. America 43:27-31, 1953 


REFERENCES 
: 2. Paycha, F. ¢ Methode de mesure de l'épaisseur de la cornée, Arch. opht. 13:156-158, 
1953 
37:65-6 
37:625-629, 19 
12. Holst, J. 
BOY 


PH) STOLOG 


lwilight Myopia, J. Optic. Soc, America 43:925 926, 1953 

29 Pousey R.; Koomen, M.. and Se Inik, R \ccommodation and Night M vopia, 1. Opti 
Soc. America 43:926-927, 1953 
J. M Measurement of Accommodation in Dim Light and in Darkness by 
Means of the Purkinje Images, ] Optic. Soe. America 43:925, 1953 


31. Berte, A. P Ivanoff’s Measurements of the Spherical \berration of the Human Fye, 
Optician 125:431-433, 1953 


32. Ivanoff, A les aberrations de l’oeil—leur role dans Il’acc ommodation, Revue d’optique 
theorique et instrumentale (Paris Edition). p. 84, 1953 

33. Wilmut, E. B Use of Polarizing Filters for Infinity Balance Examination and Neat 
Correction, Transactions of the International Optical Congress, pp. 309-313, 195] 

34. Cook, W. \ Control of Accommodation in Subjective Routine Re fraction, Brit. | 


Physiol. Optics 9:161-169, 1952 
35. Jager, A Die binokulare Brillenbestimmung, Klin. Monatsbl \ugenh.. 121:485-487, 1952 
36. Koch, Carel ( Cycloplegics and Mydriatics—What Position Should Optometry Take 

lf Asked to Use Then Am. J. Optom. 30:382-385, 1953 
37. de Ocampo, G Di-lsopropyl Fluorophosphate (DEP) in ( ycloplegic Refraction, Am 

J. Ophth. 35:1484-1489, 1952 
38. Gettes, B. C.. and Leopold, I. H Evaluation of Five New Cyek plegic Drugs, A. M. A 

Arch. Ophth. 49:24-27, 1953 
39. Milder, B., and Riffenburgh, R. S \n Evaluation of Cyclogyl (Compound 75 GT) 

Am. J. Ophth. 36:1724-1726. 1952 


40. Monjé, M Uber die Bestimmung des Akkommodatior und Konvergenznahpunkte 
Klin. Monatsbl. Augenh. 122:417-422 1953 
41. Meesmann, A xperimentelle Untersuchungen tiber dic antagonistische Innervation det 


Ciliarmuskulatur, von Graefes Arcl Ophth. 152:335-356, 1952 

42. Siebeck, R Die antagonistische Innervation der Akkommodation and die Akkommoda 
tionsruhelage, von Graefes Arch. Ophth. 1583:425-437. 19523 

43. Siebeck, R \kkommodationsimpuls und Akkommodationserfolg unter medikamentosa 
Einfluss, von Graefes Arch. Ophth. 153:438 450, 1953 

44. Giglio, FE. J Visual Acuity Under Special Circumstances, Am }. Optom. 29:647-65 
1952 


45 


Rasgorshek, R. H Residual Accommodation, Am. | Ophth. 36: 1086-1091, 19 
46. Brickley, P. M., and Ogle. K. N Residual Accommodation Une 
( ycloplegia, An 1. Ophth. 36:649-660 19 


er Homatropine-Cocaine 


47. Miles, P. W Depth of Focus and Amplitude of Accommodation Through Trifocal 
Glasses, A. M. A. Arch. Ophth. 49:271-278. 1953 
48. Graff, J Die Akkommodationsbreite beim Sehen durch das Vernbrillengla Klin 


Monatsbl. Augenh, 128:577-584. 1953 
| 


Factors Controlling Ocular Accommodation Brit. M. Bull. 9:18-21, 


50. Asher, H Stimulus to Convergence in Normal and A thenopic Subjects, Brit. J. Ophth 


36: 666-671, 1952 


51. Fry, G. A Research in Accommodation and Convergence, Am. | Optom. 30: 169-176, 


1953 


52. Hamburger, F. A.: Die Bedeutung des binocularen Wettstreites fur die Stereoskopie und 
die stereoskopische Entfernungsmessung, von Graefes Arch. Ophth. 153:57-82, 1952 


53. Asher, H Suppression Theory of Binocular Vision, Brit. J. Ophth. 37:37 49, 1953 
54. Miles, P. W Anomalous Binocular Depth Perception Due to Unequal Image Bright 
ness, A. M. A. Arch. Ophth. 50:475-478. 1953 


ROS 


OPTICS AND VISUAL 
1953 
= 


74 


W 


Hal 
heffel 


K rumime 


Physiol 


Ogl 

1. Optn 
Duo 

Brown, K. ‘1 
1 Meridiar 


Mathemat 
op. Il 


Lounebur 


Bestimmung de 


on Crraete 
Stereop 


Precision 


t, Arcl 


kel-Any 


Arc} 
ind 


lenwerthe 


rand \ 


i 


vahren 
Ophtl 
tensity 


timmu 


alidity 


\merica 43:906-913, 19 


Lie 


Net 


\ 


iutperspel 


\ ffecting 


Lathe ré 


merica 


Den 


Reftracti 


50: 


Opt 10: 


Lonter 


(sehricht 


153 : 471-476, 


tive 


] 


vel 


Stereoetc 


nees in Apparent 


43 : 464-472 


19 


Hilti 


()btainec 


1949 


HU S-H0% 


169-174 


mete 


Ophth. 154:79-85 


Between 


A. ARCHIVI OF MOLOG) 
cott, R. B.. and unner, ¢ yvedne ‘ \ffecting Results with the { 
Howard and Dolman Dept Perception Apparatus, J. Psychol. 27:479 432, h 
n, J ind Altmars \ Aniseikonia a the Howard-Dolman Test, | Opti 
mie 43:473-478, 19 
; 6a. Berner, G. | ind Berner, 1). | Relat of Ocular Dominance, Handedne ind the 
(ont ing Kye in Binocular ion, A. M. A. Arch. Ophth. ii sm: 19 
/.u H \n Invest hon mto Ocular Dominancy, Brit. J. Physiol. Optics 10:119 
13, 19 
| | Dominane Note Psyel 65: 634-636, 1952 
( rtament el | ire lotomotore nellantagonismo binocular 
(; ty ftal. $:22-29 1952 
OH. | | ind Harwood, | \ \ ition the Projection Center with Differentia 
ti It Kelation 1 Ocular Dominanes l ransact ‘ the International (ptica 
ure pp. 75-87, 1951 
61. Winkelman, J. | Central and Peripheral Fusion, A. MV \I Ophth. 50:179-18 
62. Halldén. | lusional Phenomena in Anoma iS Correspondence \cta Supp. 37 
1952 
6), Coates, W. R boveal targets, Brit. J. Physiol 
64. Fischer, M. H Messende tiber esentliche 
veschehy beim Pulfric Physiol. 257:290-307, 19 
69. Trincker, D Hell- und raumliches Sehen: 1. Zur Phi menologi 
les Pulirich-Effektes, Arch, ges. Physiol. 257:48-69. 19 
: 66. Miles, P. @ The Pulfrich Stereo-Fffect Py duced by Monocular Magnification Wit 
ut Reducing Hon, Am. | Ophth. 36:240-243, 195 
6/ check, Kk Praktische Bedeutung der Raumsinnstorunger dure \msokoria, Kin 
Ml tshl. Anger 123:86-89, 19 
OR. i Object) Perceived-Siy i Funetion t Distance, Optometric Weel 
$4: 2037-2040, 19 
Oo by (; Ihe Relation Between Perceived ze and Perceived Distance. Am. |. Opton 
30:73-77, 1953 
70. Boeder, P cal Analysi { Visual Space, Aniseikonic Forun \mericat 
Optical Company, 19 
71. Blank \ \ Theory of Binocular Vi la Space SO \merica 
43:717-727, 1953 
Junker, H skonstanz) Horopters mittels det 
be 73. Howarth, | 1. 42:11-20, 1951 
ges, «256: 212-218, 1952 
7 Stee copic Depth Perception from Doub 
Image 
fav Optic. Soc, Am——< 3 
78. Pacalin, G De lacquisition de la vision en profondeur envisagée surtout en fonctior 
de la convergence et de la dip! pie physiologique, Amt cul. 186:602-616. 19 ; 
79. Lyon ( stereopsis, Brit. J. Physiol. Opties 9:155-160, 19 
80. Ittelson, W. H The Ames Mihonstrations in Perception, Princeton, N. Princeton 
University Press, 1953, p. 
81. Coate W. R Irregular MMMon, Transactions International Optical Congress 
pp. 250-26 195] 


PHY SIOLOM 


82. Westheimer, G Effect of Spectacle Lenses and Accommodation on the Depth of Focus 
of the Eye, Am. J. Optom. 30:513-519. 19 


83. Rambo, V. ( Further Notes on the Varying Ages at Which Different Peoples Develoy 
Presbyopia, Am. J. Ophth. 36:709-710. 1952 


- ariazion! delle curvature corneali consecutive ad avanzamento de muscolo 
etto estert l interno, Rass. ital. ottal. 21:55-62, 1952 


\stigm: 


36: 462-466, 1953 


te! ingen uber Retraktion und Astigmatismus der Hornhaut beim 


Ophthalmologica 


meridien le plus réfringent de la 


ind Rife, D. ( Miscellaneous Optometric Data on Twins, Am. ] 


Amsometropia, Am. J. Ophth. 36:643-649, 1953 
91. Cowan, A Monocular Aphakia, A. M. A. Arch. Ophth §0:16-18, 1953 


92. Rosenbloom, A. A Correction of Unilateral Aphakia with Corneal Contact. Lenses 


1. Optom. 30:86-98, 19 
94. Baron, J., and Fowler, E. P Prismatic Lenses for Vertigo and Some experimental 
Background for the Role of the Extrinsic Ocular Muscl in Disequilibrium, Tr. Am. Acad 
Ophth. 56:9] 
95. Hilding, A. ¢ Studies of the Otic Labyrintl n the Deviation of the Visual Axe 


is Evidenced by the Maddox Rod Test) \iter the Barany Turning Test, Ann. Otol. Rhin. & 


6-926. 1952 


and Guilio, I Comportamento delle rifraziom oculare nell’eccitament: 
termico e galvanico del labirinto, Arch. fisiol. 52:217 241, 1953 
97. Hauty, G. 7 Primary Ocular Nystagmus as a Function of Intensity and Duration of 


Acceleration, J xp hol. 46: 162-170 
Is Amblyopennystagmus te verwekken bij. niet amblyope personen 


Nederl tijdschr. geneesk. 96 :1228-1230, 1952 


99. Sterling, W Phe Specification of Color of Ophthalmic Glasses, Am. | Optom, 30:33 


19 


100. Hoffmann, \W Schutzbrillenindikation und neue Glasarten, Klin. Monatsbl. Augenh 
120: 113-126 
101. Miles, P. W \lleged Effects of Tinted Lenses to Aid Vision in Night Driving by 
Reducing Ultraviolet Light, Am. J. Ophth. 36:404-405. 19 

102. Ogilvie, J. ¢ Ultraviolet Radiation and Vision, A. M. A. Arch Ophth. 50:748-763 


sitivity Curves and the Absorption of Light by the Ocular 


1953 


104. Dubois-Poulsen, A., and Deswartes L’erythropsie, Ann. ocul, 186:777-803, 19 
105. Simpson, G. ¢ Ocular Haloes and Coronas, Brit. | Ophth. 37:449-486, 1953 


106. LaMer, V. K., and Kerker, M Light Scattered by Particles, Scient. Am 188 :69-76 
1953 
107. Fry, G. A., and Alpern, M I: ffect on Foveal Vision Produced by a Spot of Light o1 
the Sclera Near the Margin of the Retina. |] Optic. Soc. America 43:187-188. 1953 


108. Fry, G. A., and Alpern, M effect of a Peripheral Glare Source upon the Apparent 
Brightnes f an Object, J. Optic. Soc. America 43:189-195. 19 


897 


OPTICS AND VISUAL 

Pterygium, Ophthalmologica 124:157-165. 1952 
\ 
Amslet M «de Pteryeiumbedingt \stigmatismus, 

126:52-54, 195 

rnee, Art pht. 13:29-36, 1953 A 

(Optom. 30:139-150, 1953 

Am. J. Opt 30 42 

la 62 

103. Weale, R. A.: Spectral 

Media, Brit. | Ophth 37:14 156. 


IRCHIVES OF 


\merica 43:899-902, 
112. Thomson, L. ¢ Stimulation of the Retina with Light Fields 


9:50-54, 1953 


1953 


bei gr en Reizflachen, Klin. Monatsbl. Augenh. 121:445-449, 1952 


ation Reflex, J. Physiol. 121:570-580, 1953 


Subjective Colors, 


Retinal vs. Central Origin, 


1952 


116. Committee on Colorimetry of the Optical Society of America 


New York, Thomas Y. Crowell Company, 1952, p. 38 
117. Physiology of Vision, Brit. M. Bull. 9:1-84, 1953 
118. Weale, R. A Colour Vision in the Peripheral Retina, Brit 


Retina, |. Physiol. 119:170-190, 1953 


120 


Hurvich, L. M., and Jameson, D.: Spectral Sensitivity of the I 
tion, J. Optic. Soe. America 43:485-494, 1953 


121. Jameson, D., and Hurvich, L. M Spectral Sensitivity of the 
( hromati \daptation, Opti Sot America 43:552 559, 1953 


schwarz, Uber dic 


bigen Sehproben, Arch. ges. Physiol. 254:144-154, 1951 


122 


lenglaser, Klin. Monatsbl. Augenh, 123:590-594, 1953 


124. Hartridge, H Chromatic Aberration and the Polychromati 
1953 


125. Motokawa, K., and Ebe, M Retinal Receptors Isolated with 
chromatic Theory, J]. Optic. Soc. America 43: 203-211, 1953 

126. Motokawa, K., and Ebe, M Physiological Mechanism of 
exper. Psychol. 45:378-386, 1953 


127. Brindley, G. S.: Effects on Color Vision of Adaptation to Very 
122: 332-350, 1953 


128 


Henderson W Practical 


§7:219, 1953 


Ophth 


129. Rosetti, 


Frequency and Toxemia of Pregnancy, Am. J. Obst. & Gynec. 64:1201 
13] blicker 
Acta Soc ophth Japan 56: 1262 1265, 1952 


Yonemura, 


Visual Field, A. M. A. Arch. Ophth. 50:50-63, 1953 
133 M. E., and Cottrell, C. I 


quency to Fatigue in Reading, Ilum. Eng. 48:385-391, 1953 


Ryan Bitterman, 


Under Stress, J. Appl. Physiol. §:330-334, 1953 


SOS 


D., and Santelli, | Nuovo dispositivo applicabile al 


109. Richter, M Recent Developments in the Examination of the 
Physiol. Optics 10:155-166, 195 

110. Schmidt, | Effect of Hlumination in Testing Color Vision witl 
Plate Optic America 42:951-955, 1952 


111. Burnham, R. W., and Newhall, S. M Color Perception in Small 


ol 


M 


ove 


Messung der Sehscharfe und Profung der 


perimetro di maggiore 


79:3 


licker 


per la determinazione della frequenza critica di fusione, Ann. ottal. e clin. ocul 


lest 


Small 


114. Fincham, EF. F Defects of the Color-Sense Mechanism as Indicated by 


Psyel 


The S 


Bull 


Sel 


heory 


\pparent 


Perimetry, Course 20 (unpublished) 


u 


130. Brill, H. M.; Long, J. S.; Klawans, A. H.; Golden, M., and Seaman, I 


| 


Brit 


9:55 


119, Weale, R. A.: Spectral Sensitivity and Wave-Length Discrimination of the 


Neutral 


I 


leistung 


123. Kuhl, A Kontraststeigerung durch nahezu farblose, ultra violettundurchlass 


Movement, 


right Lights, 


Ir 


1210, 1952 


134. Brozek, |.; Simonson, E., and Taylor, H. | Changes in Flicker 


Relation of Critical 


lest in the Diagnosis of Nutritional Retrobulbar Optic 


132. Alpern, M., and Spencer, R. W Variation of Critical Flicker Frequency 


Brit 


ov 


Perip! 


M 


Method and 


\n 


10 


mit 


Jaeger, W., and Kroker, K Uber das Verhalten der Protanopan und Deuterano 


1953 


tar 


Bull 


OPHTHALMOLOG) 


M 


en 


Poly 


\dapta 


Le pe nde nce 


ysiol 


1953 


Fusion 


Neuritis 


in the 


Fusion Fre 


Nasal 


Fusion Frequency 


A. M 
Color Sense, Brit. J] 
Pseudo Isochr matic 
the Accommo 
: cence of Color, 
Fova: 
on 
9: 
Acad 
{ 
{ 
4 


ISUAI PHYSIOLOG) 


and 


Mahneke, A Influence of Accommodation upon the Flicker-Fusion- 
Frequency of the Human Eye and Its Relation to Apparent Visual Size \cta ophth. 31:195 


\n Annotated Bibliography of Flicker Fusi n Phenomena, Armed For 


vational Research Council. Ann Arbor, Mich., University of Michigan, 1953, p. 130 


137. Dubois Poulsen, A.: | rancois, P.: Tibi. A 


and Magis, ¢ le champ visuel lop 
raphie normale et pathologique de ses sensibilites, Paris, Massor m Cre, 1952, p. 1175 


138. Dubois-Poulsen, A Variations de la sensibilité et intéractions nerveuses dans le champ 
visuel, Ann. ocul. 185:1025-1052. 1952 


9. Bender, so erception, Springfield, Tl., Charles Thon 
1952, p. 109 


140. Daenen, P Correction des ametropies pour l'étude duc champ visuel, Arch. opht 


13 : 384-390, 1953 


is, Publishes 


14] Havener \\ and McReyne Ids, \W | alse Scotoma Asso lated vith Hig! 
Uncorrected Refractive Errors, A. M \. Arch. Ophth, 48:616-619, 1952 
142. Harms, H.: Die praktische Bed 


feutung quantitativer Perimetrie, Klin. Monatsbl. Augen! 
121:683-692, 1952 


143. Harrington, D. O Perimetry with Ultraviolet. (Black) Radiation and Luminescent 
Pest Objects, A. M. A. Arch Ophth. 49:637-642. 1953 

144. Francois, J., and Verriest. G.: ( ampimetrie a lobseur, Ann. ocul, 186:695-7 1953 

145. Riopelle, J., and Bevan, W Distribution of Scotopic Sensitivity in Human Vision 


\ 
\m. J. Psychol. 66:73-80, 1953 
146. Kluyskens, and liteca, J 
Ophthalmologica 126:129-148, 1953 


examen clectro-encephalographique du champ visuel 


147. Arakawa, Quantitative Measurements of Visual Fields for Colors \m. J. Ophth 
36: 1594-1601, 1953 


148. Sédar J, and Sédan-Bauby, S Sur 


ictuelles, Semaine hop. Paris 28:55-56, 1952 


quelques investigations angioscotometrique 


149. Aulhorn, E., and Voges. W Paratoveale Gesichtsfeldgrenzen in \bhangigkeit von 
der Lage der dargebotenen Konturen, Arch. ges. Physiol 257 : 329-342, 1953 
150. Zanen, J Conclusions du rapport sur les dyschromat psies retiniennes centrale 


acquises, Ann. ocul. 186:948-956, 1953 

151. Benton, C. D \nalysis of Results with the Massachusetts Vision Test, Am. J. Ophtl 
36: 363-364. 1953 
152. Robinson, H. M \n Analysis of Four Visual Screening Tests at Grades Fo 
Seven, Am. J. Optom. 30:177-187, 1953 


153. Fry, G. A Targets and Testing Procedures lor the Measurement of Visu 
Without Glasses, Am. ] Optom. 30:22-37, 1953 


il Acuity 


154. Pascal, J. | Retinal Image in Uncorrected \metropia, Am. J. Optom. 10:88-92, 195 

155. Leibowitz, H Some Observations and Theory on the Variation of Visual Acuity 
with the Orientation of the Test Object, J. Optic. Soc. America 43:902-905 1953 

156. Harrison, FE. R Visual Acuity and the Cone Cell Distribution of the Retina, Brit. | 
Ophth. 37:538-542, 1953 

157. Ludvigh, I Direction Sense of the Eye, Am. | Ophth. 36:139-142 (June, Pt, 2) 1953 

158. Gilbert, M.: Definition of Visual Acuity Brit. J. Ophth. 37:661-669, 1953 

159. Chapanis, A Psychology and the Instrument Panel, Scient. Am. 188:74-82. 19523 

160. Smeed, R. J Some Factors Affecting Visibility irom a Driver's Seat and Their 
Etfect on Road Safety. Brit 1. Physiol. Optics 10:63 64, 19 


161. Gerathewohl, S. J.: Conspicuity of Steady and Flashing Light Signals, J. Optic. Si 


America 43:567-571, 1952 


136. Landis. ¢ * 
g 
| 


IRCHIVES OPHTHALMOLOG 


Nicolai, H Objektive Sehscharfenbestimmung auf der Grundlage des optokinetischer 
mit eigenem Gerat, Klin. Monatsbl. Augenh. 122:402-416, 1953 
Mackensen, G.; Untersuchungen zur Physiologie des optokinetischen 
bl. Augenh. 123: 133-143, 
mith, 


37 :609-614 


Nystagmus, Klir 


Binocular Vision of Miners with Nystagmus, Brit. ] 


Ehlers, H. z Clinical Testing of Visual Acuity, A. M. A. Arch. Ophth. 49:431-434 


166 a\ Reading Types, Brit. J Ophth 36 :689-690. 1952 


167. Fink, W Chart for Testing Near Vision, Tr. Am. Acad. Ophth. 57:115 


168. Maxwell, ew Air Force Visual and 
Ophth. 36:3 

169. Kestenbaun 
36: 1143-1944, 19 


170. Cuendet, J. | 


Ophthalmological Requirements 
Reading Glas tor Patients with Very Poor Vision, An 


Relations psychophysiques en ophtalmologie Importance 
1 géométrique dans les échelles de mesure, Ann. ocul. 185:866-902, 1952 
171. Ogle, K. N On the Problem of an International Nomenclature for Des 

\cuity, Am. J. Ophth. 36:909-921, 1953 
172. Orbach, | Retinal Locu 


}. Psychol. 68:55 


as a Factor in the Recognition of Visually Perceived Wi 


Ikye and Other Handicaps, Am. J. Ophth. 36:112-114, 1953 
\ Speed-ot Perception Measurement Apparatus, Brit. J Ophtl 37:439 


175. Berger, ( Influence of Stroke Width upon the Legibility (Threshold of Recognition) 


Some Narrow Numerals of Varying Height, Acta ophth. 30:409-420, 1952 
176. Aulhorn, Uber Fixationsbreite und Fixationsfrequenz beim Lesen gerichteter 
onturen, Arch. ges. Physiol. 257:318-328, 1953 


Park, G. EF Phe Electroencephalogram and Ocular Function, Am. J. Ophth. 36:1705 


178. Kephart, N. ¢ Visual Skills 


and School Achievement, Am. J. Ophth. 36:794-799 
(June, Pt. 1) 1953 


179. Olson, H. C.; Mitchell, C. C., and Westberg, W. ( 


Relationship Between Visual 
Training and Reading and Academic 


Improvement, Am. J. Optom. 30:3-13, 1953 
180. Lyle, D. J Impairment of Visuo-Oculogyric Adjustment, Am. J. Ophth. 36:1234-1236 

I. S. Lighting Handbook Phe Standard Lighting Guide, Ed. 2, New York, [lumi 
iting Engineering, Society, 1952, p. 978 

182. Weston, H. ¢ Visual 
¢. 18:39-66, 1953 


itigue with Special Reference to Lighting, Tr. Ilum. Engi 


183. Riffenburgh, RS Ocular Fatigue in the Radar Operator, U. S. Armed For M. j 
4:71-72, 1953 

184. Clark, B Fascination, a Cause of Pilot Error, J. Aviation Med. 24:429-440 

1&5 Monje, M and Bernsdorff, Hi. R Uber dic okaladaptation periodischer Lichtreize 
\rch. ges. Physiol. 256:508-518, 1952 


186. Riggs, | \ Ratliff, | Cornsweet, |. ¢ and Cornsweet, T. N Disappearance 
bixated Visual Test Objects, J. Optic. Soc. America 43:495-501, 1953 

187. Craig, FE. A. and Lichtenstein, M V isibility 
Stumulus Orientation, Am. J. Psychol. 66:554-563, 1953 


188. Weidmann, W 


Invisibility Cycles as a Function 


Uberlegungen zur \daptometrie und ein 
emfaches Adaptometer, Klin. Monatsbl. Augenh, 121:563-573, 195 


neuer denacl 


162 
Nysta 
16 
Monat 
164 
Ophth, 19 
6S. 
1953 
Am. J 
}. Ophtl 
de la pre 
ating Visua 
rds 
55652, 1952 
173. Eames, T. H 
174 Neely 
443, 1953 
1708, 19 
ol 


ISUAL PHYSIOLOGY 

189. Miles, W. R.: Light Sensitivity and Form Perception in Dark \daptation, J. Optic. Se« 
\merica 43:560-566, 19523 

190. Peskin, J. ¢ Distribution of Visual Thresholds, ] \ppl. Physiol. 6:177-184, 1953 

191. Adair, E. R Duration and Light-Dark Ratio of Intern ittent Preadaptation as Factor 
Influencing Human Dark \daptation, J. Optic. Soc. America 43:22-27, 1953 

192. Brown, J. L.; Graham, C. H ; Leibowitz, H., and Ranken, H. B.: | uminance Thresholds 
tor the Resolution of Visual Detail During Dark \daptation, J. Optic. Soc. America 48:197 
202, 1953. 

193. Bridgman, C. S.: Luminosity ( urve as Affected by the Relation Between Rod and Com 
\daptation, J. Optic. Soc. America 4$:733 737, 1953 

194. Rushton, W. A. H.! Chemical and Nervous Factors in Dark \daptation, Tr. Ophtl 
Soc. U. Kingdom 72:657-664. 1952 

195. Miles, W. R.: Effectiveness of Red Light on Dark Adaptation, | Optic. Soe. America 
43:435-441, 1953 

196. Smith, S. W., and Dimmi k, F. I Kacilitative Effect of Red Light on Dark Adapta 
tion, J. Optic. Soc. America 482541. 1953 

197. Piéron, H Che Sensations: Their Functions, Process s, and Mechanisms, translated 
by M. H. Pirenne and B. ( Abbott, New Haven, Yale University Press 1952, p. 469 

198. Berens, C., and Sheppard, L.. B \bstracts on Military and Aviation Ophthalmology 
and Visual Sciences, Wa hington, D. C., The Biological Sciences Foundation, 1953 

199. Weiner, J.; Leikind, M. C.. and Gibson, J. R Visibility \ Bibliography, Vision 
Committee, University of Michigan, Ann Arbor, Mich., Washington, D. C.. Library of ( ongress 
Reference Department, 1952, p. 90 

200. Alpern, M., and Benson, D. | Directional Sensitivity of the Pupillomotor Photorecep 
tors, Am. J. Optom. 30:569 580, 1953 

201. Beck, L. H \ Functional Interpretation of the Stil Crawford Effect, J. Optic. Sox 
\merica 43:924, 1953 

202. ten Doesschate, ] Observations on the | utoptic Foveal “Chagrin,” Ophthalmologica 
126: 148-156, 1953 


203. Bounds, G. W The Electroretinogram \ Review of the Literature, A. M. A Arch 
Ophth. 49:63-89, 1953 


204. Streiff, E. B.. Editor Advances in Ophthalm« logy, Basel, S. Karger, 1953 


205. Zetterstrém, B Phe ERG in Prematurely Born ( hildren, Acta ophth. 30:404-408. 1952 


206. Straub. W Beitrag zur Methodik det klinischen lektroretinographie von Graefe 
\rch. Augenh, 153:214-220. 1952 

207. Muller-Limmroth, H.W und Andreé, G Das Klektroretinogramm bei | limmerbelic! 
tung, Arch. ges. Physiol. 257:216-233, 1953 

208. Henkes, H. | lectroretinography in Circulatory Disturbances of the Retina: | 
lectroretinogram in Cases of Occlusion of Central Retinal Vein o1 of One of Its Branche 
\. M. A. Arch. Ophth. 49:190 201, 1953 

209. Burian, H. M Klectroretinography and Its Clinical Application, A. M. A. Arel 
Ophth. 49:241-256, 1953 

210. Jacobson, J., and O’Brien, J. M ERG Studies in Cases of Pigmentary 
\. M. A. Arch. Ophth. 49:375-381, 1953 


Degeneration, 


211. Enroth, ¢ lhe Mechanism of Flicker and Fusion Studied on Single Retinal Element 
in the Dark-Adapted Eye of the Cat. Acta physiol, Seandinay. (Supp. 100) 27:1, 1952. 
212. Best, W Das menschliche Electroretinogramm wahrend der Dunkeladaptation, Acta 


ophth. 31:95-116, 1953 


213. Kuffler, S. W Discharge Patterns and Functional Organization of Mam 


}. Neurophysiol. 16:37-68, 1953 


mahan Retina, 


901 


| 
= 


OPHTHALMOLOGY) 


J. Opti 
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COLLEGE OF PHYSICIANS OF PHILADELPHIA, SECTION ON OPHTHALMOLOGY 


Burton Chance, M.D., Chairman pro tem 
M. Luther Kauffman, M.D., Clerk 
Dec. 17, 1953 


Malignant Glaucoma. |r. |’. Ronn McDoNALp 


A 50-year-old white man was admitted to the Wills Eve Hospital with a diag 
nosis of narrow-angle glaucoma of the right eve of 10 months’ duration. The tensior 
had been adequately controlled until a few days before admission. The diagnosis 
had been made on routine examination, and there was no history of an acute attack 
lhe vision with correction was 6/9 in both eyes. Gonioscopy revealed a narrow 
angle in both eyes and numerous anterior synechiae in the right eve. The tension 
in the right eye could not be reduced below 30 mm. Hg (Schi¢gtz) 

An iridencleisis was performed on the right eye, and the following day acute 
glaucoma developed in the left eye. This was not controlled with miotics; so a 
peripheral basal iridectomy was performed. The postoperative course was stormy 
in both eyes, with tension ranging from 26 to 63 mm. He (Schigtz). An intra 
capsular cataract extraction, without loss of vitreous, was performed on the right 
eye. The chamber remained shallow, but the tension was controlled. The left eve 
remained fairly well controlled for a time, and then cyclodialysis was performed. 


Che cyclodialysis functioned temporarily and was followed by an Elliot trephine 
operation, with control of the tension for four months. The lens in the left eye was 
finally removed intracapsularly, again without loss of vitreous. The postoperative 
course in this eye was uneventful. The chamber has remained of moderate depth, 
and the corrected vision is 6/60. ‘The vision in the right eye has been maintained 
at 6/12 with correction 

The tension in both eyes has remained within low normal limits for six months 


The management of malignant glaucoma was discussed 


DISCUSSION 


Dr. I. S. TassMAN: The emotional state of the patient can be an iMportant 
factor in the occurrence of glaucoma in the second eye. It was indicated in the 
paper that this patient was emotionally disturbed | have seen cases in which 
operation was performed for glaucoma in the one eye and an acute attack developed 
in the second eye before discharge from the hospital In another instance, the 
patient suffered an acute attack of glaucoma in one eye while still hospitalized after 
removal of the gall bladder. The worry, concern, and disturbed emotional state in 
connection with the first operation was a prominent manifestation here also 


Dr. P. Ross McDonatp: This patient was not very emotional until the day 
after operation, when | took the bandages off, and he suddenly realized he could not 
see a thing out of either eye. He said, “Doc, what’s the matter with my good eve 2” 
[ think anyone would be rather upset. The only reason he refused mioties at various 
times was that they caused him severe pain, and we switched from pilocarpine to 
neostigmine. I think the only drug we did not use was diisopropyl fluorophosphate 
Case had a very characteristi COUT S¢ Phere are many Cast 


glaucoma In 
which the patient has not done well after operation, but this one was obviously of 
the malignant type, and the condition was not cured until the ienses were removed. 
I think I could have saved the patient quite a bit of anguish, and myself probably 
a little, if, 48 hours after the tension went up in the left eye, | had been bold enough 
to go in and take the lenses out. | have had four or five such cases now ; fortunately, 
they all started with somebody else. It is sometimes a littl 


easier to handle a case 
that someone else is having trouble with than one of your own. 
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Surgical Management of Intermittent Exotropia. Rosert D. MULBERGER 


The author reviewed the nomenclature, etiology, and methods of examunatiotr 
as they applied to the surgical treatment of intermittent exotropia 

\ series of 24 cases which were treated surgically was reported. Twenty of the 
24 patients had a bilateral recession of the external rectus muscle to the equator. 
In 92% of all cases the condition was improved by the surgery. 


lhe author advocated bilateral external rectus recession to the equator in most 
oF intermittent exotropia 


SION 


Dr. Witttiam I. Krewson II]: Intermittent exotropia is an entity which is 
encountered much more frequently than is generally realized, as intimated by Dr 
Mulberger Its great frequency is unrecognized because these patients have a 
manifest exotropia at times and exophoria at others, and the condition changes 
rapidly from one phase to the other. This intermittent type of exotropia is actually 
thi o-called divergence excess, although many other terms have been used in its 
description. It is characterized by the following findings: marked exophoria for 
di tance, which on oecasions becomes exotre pla, excessive prism diverge nee (over 


coming base in prisms) ; normal prism convergence ; normal muscle balance for the 
near point; normal convergence at the near point; normal rotations, and diplopia, 
when present, comitant both to the right and to the left. Moreover, these patients 
eldom have amblyopia, the vision usually being equal in the two eyes. Alternation 
is not uncommon, After divergence, diplopia may be encountered, and then foveal 
uppression develops as the case progresses; later even peripheral fusion may be 
lost. It is sometimes possible to demonstrate normal retinal correspondence when 
the eyes are in alignment for near, and abnormal retinal correspondence when 
the eyes are divergent for distance. Secondary convergence insufficiency, that is, 
divergence for the nezr point, apparently occurs in about one-fourth of the cases 
especially as the presbyopic age is approached. Such changes not infrequently are 
the final stage in the evolution of well-established, or constant, alternating exotropia 


Dr. Mulberger is to be congratulated on the excellent results he has obtained 
in his series of cases He has applied the procedure, probably believed by the 
majority of writers to be the most efficacious, namely, bilateral recession of the 
lateral rectus muscle. I.xcept in the five clinic cases he mentioned, the same surgical 
procedure was performed regardless of the amount of divergence deviation. [ agre: 
that no one operation will give a fixed amount of correction. In my experience, 
however, although | have no statistics at this time, larger deviations, especially 1 
well-established cases, must have the bilateral recession of the lateral rectus supple 
mented by a resection of one or both medial rectus muscles as well. Moreover, 
when secondary convergence insufficiency occurs, the patient, although still an 
alternator, tends to fix with one eye, and in these cases probably a recession of the 
lateral rectus and a resection of the medial rectus of the deviating eye is the first 
tep. Not infrequently additional surgery on the remaining eye is required, and 
even then the deviation 1s sometimes difficult to correct. Apparently, Dr. Mulberger’s 
series did not include any such cases, since all his patients were under the presbyopi 
age, although it may be encountered at any time in life. Vertical deviations, when 
encountered, are often more marked for distance than for near in cases of intermittent ‘ 
exotropia. It is generally supposed that these are functional and secondary to 
suppression. If they are greater than 2 D., however, | believe their correction is 
definitely indicated 


Orthoptics was not included by Dr. Mulberger in the treatment of his cases, and 
his results justify this elimination. All too often, however, suppression is deeper 


than is appreciated, and its preoperative removal is certainly an advantage. From 
a practical standpoint, of course, orthoptic training can be effective only in early 
cases, and in those of small deviations. Postoperative improvement of amplitude is 
very helpful, however, if it can be obtained. In the majority of cases, surgery, as 
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Dr. Mulberger has pointed out, is the method of choice, It is especially eftective 
when applied to the very young child, who has not yet developed the patterns of 
foveal suppression and who is too young for orthoptic evaluation and treatment. 


Experimental Intraocular Infection with Mumps Virus. |x. Il. I’. Kirper and 
Dr. Marie W. WKIRBER. 


This paper is published in this issue of the Arcuives, page 832 


DISCUSSION 

Dr. Werner Henrie: As a virologist, | shall stay clear of the ophthalmological 
problems and, rather, contine my remarks to the virus part. Virus infections of the 
eye are still a relatively uncharted field, at least from the virologist’s point of view 
lhe paper presented hy the Kirbers forms an excellent example of what can be done 
if two specialists, the ophthalmologist and the virologist, get together and work out 
problems 

Phis paper has brought into focus several interesting points and problems which 
have been considered for some time in relation to mumps and to other virus intec 
tions. One of the problems concerns the pathogenesis of mumps. We have talked in 
the past rather readily of “complications” of mumps, such as meningoencephalitis, 
orchitis, and certain ocular lesions. Actually, we know now that the so-called com 
plications very frequently are part of the primary picture, if not on occasion the 
only sign of infection with mumps virus. That certainly has been proved for meningo 
encephalitis, and to some extent also for orchitis, since in such cases mumps virus 
has been isolated from the spinal fluid and testicular aspirations, respectively, More 
convincingly, it has been demonstrated experimentally by Coons and his co-workers 
at Harvard, who traced the spread of virus after infection of monkeys by means ot 
labeled antibodies. They found that the virus was seeded in three to four days 
throughout the animal, long before the development of clinical signs of disease 
It was found not only in the salivary glands but also in the meninges and the central 
nervous system. We feel, therefore, that mumps virus is seeded very early, and 
that it becomes a matter of some unknown stimulus to determine in which organ(s ) 
lesions will develop. It is obvious that mumps meningoencephalitis in the absence 
of salivary gland involvement presents a condition which can be diagnosed properly 
only by applying specific serologic tests. This suggests that in cases of iritis or 
iridocyclitis mumps virus may be involved, even if there 1s no accompanying paro 
titis, and appropriate serologic tests should be performed 

\nother point concerns the question of what is going on in the guinea pig eye 
It has been shown that only fully infectious virus produces the lesions. When the 
virus is inactivated by heat or ultraviolet light, nothing happens. It has also been 
shown that only active infectious virus injected intraocularly wall bring forth a 
significant antibody response comparable to that seen in human infections, but that 
if inactivated virus is injected, there is little or no antibody response, ‘Thus the 
antibody response cannot be due alone to the antigen injected, and the results would 
indicate that there was some increase in antigen (virus), and with it a greater anti 
body response. At least this is the way | should interpret the data, On the other 
hand, a search for active virus in the eye showed, rather, a decrease from the time 
of injection over the experimental pe riod, There was no detinite evidence then that 
the virus had multiplied. Llowever, this may be due to the fact that the infectivity 
titrations are not very sensitive, particularly in view of the relatively large amounts 
of virus initially injected into the eye. Thus, a slight increase in virus might not be 
detectable with the technique available 

Yet there are other possibilities to be considered in explaming these observations 
It might be that the cells available to the virus im the eye are incapable of supporting 
a full cycle of propagation , 1. €., the cells might not be able to produce fully imfec 
tious virus and only an incomplete cycle of propagation may occur. In other words, 
some virus material is produced, but it never acquires the infectious property and 
therefore it might not be detected. This is not mere speculation, for such phenomena 
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have been observed with other viruses. For instance, if influenza virus is injected 
into the central nervous system of mice, there is no production of infectious virus. 
\We cannot measure an increase in infectious virus; yet we can detect an increase 
in certain virus properties, as determined by laboratory tests, such as complement 
fixation and hemagglutination. Apparently, an incomplete cycle of propagation takes 
place, and no fully infectious virus is produced. The injection of influenza virus into 
central nervous system, nevertheless, produces lesions, which frequently lead to 
convulsions and the death of the animal. It is possible, then, that a reaction of this 
nature occurs in the guinea pig eye. These are problems which certainly would 
deserve further consideration and study 


Correspondence 


GESELL INSTITUTE ARTICLES 


\mong the articles appearing in a syndicated newspaper column 


lwo the I:ditor 


entitled “Child Behavior” and coming from the Gesell Institute of Child Develop 
ment, is a series regarding the treatment of myopia by exercises. 
obvi u 


It might seem 
that the published articles do not represent the views of the Department 
of Ophthalmology of the Yale University School of Medicine, but, since the Gesell 
Institute is located in New Haven, Conn., we have been receiving from colleagues, 
even within the State of Connecticut, queries as to why we permitted such articles 
to come out of Yale University. We wish to call attention to the fact that the Gesell 
Institute is a private organization, with no connection with Yale University, and that 
the Yale University School of Medicine has no control over, and does not necessarily 
sanction, any article coming from this Institute 

R. M. Fasanetra, M.D., and Stari 

Section of Ophthalmology 

Yale University School of Medicine 

TESTOSTERONE IN DIABETIC RETINOPATHY 


To the Editor In the February 1954 issue of the Arcuives (page 282), in a 
communication by Dr. Samuel Waldman and myself, there appeared a statement 
attributed to Dr. Ilenry Dolger to the effect that he had found testosterone to be 
of value in 40% of his patients with diabetic retinopathy. It now appears that we 
have misinterpreted his statement, which was made verbally. Successful results 
were not obtained in his practice 


We sincerely regret that Dr. Dolger’s statement was misinterpreted and wish to 
publish this retraction. 


Louris PELNER, M.D. 
1352 Carroll St., Brooklyn 13. 


News and Comment 


GENERAL NEWS 

New Orleans Academy of Ophthalmology.— The subject of the New Orleans 
Academy of Ophthalmology symposium, to be held in New Orleans, Jan. 31 to 
Keb. 4, 1955, will be Ocular Motility. A complete program, including names of 
the guest speakers, will appear in a later issue of the Arcuives. 


PERSONAL NEWS 
Dr. Milton Berliner Elected Honorary Member of Greek Society of Ophthal- 
mology.—At the December, 1953, meeting of the Greek Society of Ophthal- 
mology, Dr. Milton Berliner was elected honorary member as an indication of 
the appreciation of the Society for his contributions to ophthalmology. 


SHARP 
DOHME 


DIVISION OF MERCK & CO., Inc 
Philedelphia |, Pennsylvania 


AFTER TREATMENT 


TOPICAL HYDRO« 


ORTONE REDUCES BOTH EXCE 


VASCULARIZATION AND SCARRING 


Sight-saving therapy in corneal injuries 


(HYDROCORTISONE ACETATE, MERCK) 


HYDROCORTONE is a principal adrenocortical 
steroid and the one with the most pronounced 
anti-inflammatory action at the tissue level. 
Ophthalmic preparations of HYDROCORTONI 
effectively block the inflammatory response 
whether due to physical trauma, chemical 
irritants, foreign protein or other specific 


allergens. Certain patients who do not show 
adequate response to cortisone may be treated 
satisfactorily with HYDROCORTONE, 
SUPPLIED: Sterile Ophthalmic Suspension of 
HyYDROCORTONE Acetate: 0.5% and 2.5%, Sce. 
vials. Ophthalmic Ointment of Hyprocor- 
TONE Acetate: 1.5%, 's oz. tubes. 


HYDROCORTONE is the registered trade-mark of Merck & Co., Inc. for its brand of hydrocortisone. 
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THE “LACRILENS” * IS A SAFE LENS 


The Test Of Time Proves That The 
“LACRILENS”® Contact Lens Can Be 
Worn For Long Periods Of Time In 
Aphakia And In All Sports, Including 


Swimming. 


WRITE FOR BROCHURE 


Laboratories Inc. 


49 EAST 5st STREET * NEW YORK, 22, N. Y. 


Manufacturers of all types of Contact Lenses / 
BRANCHES IN 


PHILADELPHIA MONTREAL JOHANNESBURG 


WHAT THEY ARE. A general discussion 
of the design, con%truction and uses of 
the improved Spectels. An outline of their 

development. Comparisons of the two 
magnifications and descriptions of the 
various trial sets. Bulletin 302. 


TELESCOPIC 


HOW THEY ARE PRESCRIBED. Twelve 
pages of factual information on the appli- 
cation of telescopic spectacles. Case his- 

tories. Bulletin 304. 


TRIAL PROCEDURE. A concise, step-by- 
step outline of the trial procedure which 
has been found effective. Bulletin 303. 


1.7x 


(with Coated Lens) 


TRIAL SETS. Complete descriptions and 
illustrations of the four different trial sets ‘ 
available. Form 85. 


PRICES of Spectel telescopic spectacles, 
frames, trial sets and accessories are 
given in Form 7146-A. 


This literature is available from your supply house or from 


Distributed in Canada by 
Imperial Optical Company 


CORPORATION 


30 CHURCH ST., NEW YORK 7, N.Y. 


Plant: Northampton, Massachusetts 
New York Office: 


MAGNETIC CAMPIMETER 


*EDMUND B. SPAETH, M.D. 
PHILADELPHIA, PA. 


This new precision instrument gives 
accurate determinations and correct 
contiguration of the visual field with 
great savings of time and effort 
The Conover-Spaeth ¢ ampimeter 


is 2 


i” square. It is placed on a table 
with the patient seated in front, his 
eye positioned 10.” from the central 
fixation point. The operator, stand- 
ing behind the screen, facing the 
patient and looking directly into the 
patient's eye, is able to detect the 
slightest wavering. The test object is 
introduced to the visual tield from a 
‘Concealment Circle’’ and is con- 


trolled by a magnet from the back of 


the campimeter. The patient is not 


able to anticipate Or even guess on 


MANUFACTURER AND GENERAL 


which radius or from which side, 
rightorlett thetest object willappear 

This assures accuracy and elimi 
nates tuMme-consuming rechecking 


The 


clearly 


back of the campimeter 1s 
marked in degrees of the 
circle and angles of vision to con 
form to the standard Berens chart 


Each radius tested is immediately 


entered on the chart No markers 
to be placed or removed 

The time saved in each examina 
tion Creates Opportunities tor more 


“tields” or other office work 


ABSOLUTE ACCURACY 
\FAR FASTER 


Write for detailed information 


DISTRIBUTOR 


GEORGE P. ailieng & SON CO. 


3451 WALNUT STREET 
FOR 


PHILADELPHIA 


HEADQUARTERS INSTRUMENTS FOR OTORHINOLARYNGOLOGY 


Conover- Spaeth" 
/ 


THE “AMIC” MACULA DEFICIENCY TESTER 


developed by Dr. M. Goldschmidt, 
formerly Professor of Ophthalmology, Leipzig University 


An instrument to detect early ab- 
normalities of the macula lutea— 


in a short routine check-up. 


As a new instrument of diagnosis, 
it should belong to the standard 


equipment of every ophthalmologist. 


Write for further information 


Recently made available for 
immediate delivery 


AMERICAN MEASURING INSTRUMENTS CORPORATION 
21-25 44th Ave., Long Island City 1, N. Y. 


BERENS THREE CHARACTER TEST 
FOR BINOCULAR VISION 


This test was designed by Dr. Conrad 
Berens to test patients who were not respon- 
sive to the four dot test, notably children 
who did not recognize colors and also those 
with low color perception. 

The characters are RED GIRL, GREEN 
ELEPHANT and WHITE BALL. 

Has all the advantages of the four dot 
test plus those noted above. 

The new red and green spectacles are all 
plastic which will accommodate children 
as well as adults. 


Available at all Optical and Surgical suppliers 
Manufactured by 


4920 N. LAWRENCE ST. R. O. GULDEN PHILADELPHIA 20, PA. 


Our new complete brochure is now available. 
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drop for drop... 


and minim for minim... 


STERILE 


OP 
HTHALMIC SOLUTIONS 


assure the utmost in: 
e CLINICAL EFFECTIVENESS 
e PATIENT PROTECTION 


Scientifically prepared, 
ISO-SOL ophthalmic solutions are: 
@ physiologically active 

@ exceptionally well tolerated 

@ buffered for stability 

@ sterile and bacteriostatic 


and available in a variety 
of preparations routinely employed 
in ophthalmologic practice. 


Specify ISO-SOL— 
each dropper bottle is sterile, 
eo sealed and dated. 


Myotics, 


ydriatics, Antiseptics and Lubricants 


Pilocarpine HCl. 


15 ce. sterile, ont 


sealed dropper bottles. 
Eserine Salicylate “% and 
in 


i 
5 cc. sterile, sealed dropper bottles 


Atropine Sulfate 
U.S.P. 14, 1, 2 
4 Sterile, ond 4% in 


- Sealed and dated dropper bottles 
omatropine Hydrobromide USP 24 d 5% 
: n in 


4 cc. Sterile, 


Sealed and dated dropper bottles 


Note: ISO.soL Eserj 
ne* discolor. 


ne 


Salicylate solutions will 


Write for a descriptive list 


of all 1ISO-SOL products. 
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De you dispense glasses? 


We are one of the oldest, and most reputable wholesale opti- 


cians in the east, serving the discriminate ophthalmologist. 


An inquiry from you will bring a representative at your con- 


venience to outline our superior service plan. 


MAX ZADEK, INC. 


established 1904 
115 Fulton Street New York 38, N. Y. 


Specialists in ALL TYPES of Plastic and Glass 
Artificial Human Eyes Exclusively 
MADE TO ORDER IN OUR OWN LABORATORY 


Doctors are invited to visit 


REFERRED CASES CAREFULLY ATTENDED 
AND SATISFACTION GUARANTEED 


EYES ALSO FITTED FROM STOCK 
Plastic or Glass Selections Sent on Memorandum upon Request 


Implants and Plastic Conformers in Stock 


FRIED ann KOHLER, INC. 


665 FIFTH AVENUE NEW YORK, N. Y. 
near 53rd St. Tel. ELdorado 5-1970 
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Ask a doctor 
who ownsa 


Rodenstock! 


THE NEW Rodenstock EYE-REFRACTOMETER 


for fast, accurate diagnosis 


Excellent for the objective determination of 
refractions of the human eye, the Rodenstock eye-refractometer 
permits instantaneous readings of spherical and cylindrical 


refractions including inclination of the axis 


It enables you to diagnose objectively problem cases like chil- 
dren, illiterates and cases of pin hole pupils, as size of pupil 
has no effect. Eliminates time consuming basic diagnosis so 
tiring to the patient. Particularly helpful in difficult cases of 
strong astigmatism and sensitive or nervous patients. This 
instrument tends to stimulate the patient’s confidence in the 


doctor as well as self-confidence of the patient. 


Range from plus 20.D to minus 20.D 


This is truly an instrument of the future . . . available to you today! 


The KRAHN SLIT LAMP (HSE) 


GIVES BRILLIANT ILLUMINATION 


@ One-hand control lever (joy-stick) for all direction 
positioning 


¢ Combined adjustability for Slit Lamp and Micro- 
scope with constant focus 


e Same center level for slit and microscope of every 
axial rotation 


e Hruby lens 
e Sharply defined vertical and horizontal slit 
e Interchangeable to Binocular Ophthalmoscope 


10-20:30X prnagnification 


ANTON HEILMAN A0-654 
75 Madison Avenue, New York 16, N. Y. 


Send catalog on: 
| Rodenstock Eye-Refractometer 
Rodenstock Vertex Refractionometer 
Rodenstock trial lens sets 


The width of the slit is variable, may be narrowed Krahn Slit Lamp Binocular Microscope (HSE) 
down to the pin-point, completely closed or devel- Krahn Ophthalmometer (BE) 


oped into a horizontal slit 


Krahn Binocular Ophthalmoscope (OFE) 
Krahn Prism Exophthalmometer 


Fitted on instrument plate with glass top 12” x 16” Eye Surgical Instruments 
Ask a doctor who owns a KRAHN! Name 
Address 


City State 
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JOHN R. M.D, FACS. 


This instrument was designed to prevent recur- 
rence of chalazions following operation, and 
to make the procedure more simple. 


A vertical linear incision is made through the 
conjunctiva and tarsus, Then the lower jaw of 
_. the inetrurment is slid under the edge of the inci- 
gion, and enough of the tarsus is removed to 
expose the whole of the interior of the sac. This 
 mekes it easy to see that the contests is thor- 
_@ughly removed after curettage. The punch 
 _ femoves a button three millimeters in diameter, 
but the opening can be easily enlarged with the 
punch if desired. By leaving the sac wide open, 
. the wound granulates in, making dissection of 
the sac unnecessary, * For further information on 
* all Lawton products, visit 


oa your local surgical supply 
The 


425 FOURTH AVE., NEW YORK, N. Y 


The Berman Metal Locator 


Most modern offices and factories are 
equipped with the best in scientific light- 
ing facilities—but, they reflect on sur- 
faces of glasses. These “GHOST” reflec- 
tions are annoying and contribute to ‘ pi ae 
fatigue. MAY-O-LITE coated lenses can An electromagnetic detecting device that quickly 
help eliminate these annoyances. and accurately locates metallic foreign bodies, in- 
cluding magnetic intraocular foreign bodies. Metal- 
Complete Your Professional Service By Adding lic fragments are readily detected from a satisfactory 
distance through intervening bone, tissue and fliuds. 
Probing or physical contact with the foreign body is 
not required for detection. 

The Best in Sight The thin sterilizable probe provides preoperative 
a localization, “pin-point” accuracy within the incision 
MAY -@)-LITE and postoperative check. 

Lends precision to foreign body surgery and greatly 
reduces surgical trauma. 


MAY RESEARCH, INC., Box 1181, Minneapolis 1, Minn. BERMAN LABORATORIES 


534 West 42nd Street New York 18, N.Y. 


Low Reflection Coating 
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Sterile, stable, eye medications in the new 


Single dose sterile eye solutions 
in disposable dropper units, developed by 
Robert R. Feinstein and Associates in collabora- 
tion with major eye hospitals in the U.S.A. 

A major advance in the maintenance of sterility 
in operating procedure and post operative 
therapy. A necessity in every eye operating room 
and wherever eye injuries are treated. 


STERIDROPPAS contain all important 


available soon! 


* trade mark 
pat. pend. 


solutions required for ocular surgery. 


write now for further details to 


4808 BERGENLINE AVE. 
UNION CITY, N. J. 


Ny 


HARRINGTON 
TONOMETER 


This is an extremely accurate instrument. 


The dial has three scales, the outer being 
the expanded Schiotz scale, 0 to 20, the 
middle and inner scales being direct 
readings in millimeters of mercury for 
the 5.5 and 7.5 gram weights. 


10 and 15 gram weights are included, 
with conversion table. 


Descriptive leaflet sent on request. 


Fully guaranteed 


PARSONS OPTICAL LABORATORIES 


518 Powell Street San Francisco 2, Calif. 


MANHATTAN EYE, EAR 
AND THROAT HOSPITAL 


Announces a five-month supple 
mentary clinical course for graduate 
registered nurses in the nursing care 
and treatment of diseases of the eye, 
ear, nose and throat, Operating room 


training is included in the couse 


During the entire period the stu 
dent will receive a mouthly stipend 
of fall 


eluhty dollars 


\ pamphlet detailing tore com 


tite 


Night Driving Demands 


OPHTHALMIC LENS COATING 


“There I$ a Difference” 


Heflections from eye alas diatracting 
white driving at niaht. Light reflected between U front 
back lene surface vl het the « len 
urtace the the alate hina re 
ducing the ris visual Vor 
safer driving, ale the testra tite 
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Origin of Ghost images in a Myopic Eye 
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The Berman Metal Locator 


AN LABORATORIES 


B34 West 42nd Street Mow Yaort 18, N.Y. 


Box 1181, |. Mime 
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HARRINGTON 
TONOMETER 


This is on extremely occurcte instrument. 
The dial has three scales, the outer being 


PARSONS OPTICAL LABORATORIES 


518 Powell Street Son Francisco 2, Colif. 


MANHATTAN EYE, EAR 
AND THROAT HOSPITAL 


Announces a five-month supple- 
mentary clinical course for graduate 
registered nurses in the nursing care 
and treatment of diseases of the eye, 
ear, nose and throat. Operating room 
training is included in the course. 


During the entire period the stu- 
dent will receive a monthly stipend 


of eighty dollars ($80.00) and full 
maintenance. 


A pamphlet detailing more com- 
plete information will be sent upon 
request. 


Apply to Director of Nursing Service 


210 East 64 Street, New York 21, N. Y. 


Write for balf-coated Lestra-Lite 


130 Bush Street * Son Francisco 4, California 
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Night Driving Demands 
OPHTHALMIC LENS COATING 
“There I$ Difference” 
4 Gaping =. discrimina easier, 
4 Origin of Ghost images in a Myopic Eye | 
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A practical and inexpensive aid in accurate 
determination of refractive errors 


STREAK RETINOSCOPE 


He 
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if 


large 
case 
vertical 


 — WELCH ALLYN, INC., SKANEATELES FALLS, N. Y. 


| 
of 
: 
in . Its sim- 
it an gar fa- 
to show it to you. ‘ea 7 
ttery handle in case... $9.50 
ophthalmoscope. 
battery handle in 
Convenient 
focusing | 
(interchangeable with stan- 
dard coil filament lamp) 
- ie, 
Fits standard Welch Allyn 


SURGICAL INSTRUMENTS CO., INC., 
$20 FIFTH AVENUE, NEW YORK 36, N. Y. 


A delightful booklet where babies do the talking 
through pictures and captions. 
% pages, 25 cents 


WHAT TO DO ABOUT THUMB SUCKING 
An explanation of this habit telling when it becomes 
dangerous and how to correct it. 

by William Fishbein, 8 pages, 15 cents 


BAD HABITS IN GOOD BABIES ae 
Including sleep disturbances, eating problems, stub- 
by H. M. Jahr, 16 pages, 20 cents 


CASE OF THE CRYING BABY 

Infants don’ --v aimlessly! This pamphlet tells 
what const’. _oeneficial crying and how to correct 
harmful cr; .4. 

by H. M. Jahr, 4 pages, 10 cents 


“ LONDON ESTABLISHED 1875 PARIS 
4 : | This is a portable instrument adapted for perimetric fields or for 
The instrument is held by the patient with a of 
2 i and covers a field of 180 degrees. It may be rotated to any desired angle and a 
eo i ame §6graduated disc indicates the angle in use. The arc is marked in degrees. & 
cae th The perimeter folds flat so that it is easily portable but is sufficiently sturdy for a 
ul BEEEEEEEE plete with test objects, a wand and record charts. Price $36.00 i 
HERTEL EXOPHTHALMOMETER 
a | i> 2 Improved over the original German model, in that it has front surface 
z right angles, one above the other. When the instrument is in position, with the two outer points in con- 
1 The separation of the two members is shown on the slide. All measurements of the same case must be 
7) made with the members separated to the same reading on the sliding scale. © Price $55.00 
4 Supplied in case. 
CALLING ALL PARENTS 
ae 
2 
= 
for baffled parents 
AMERICAN MEDICAL ASSOCIATION 
S335 NORTH DEARBORN * CHICAGO 10 
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CUSTOM. TAILORED" 


BEFORE... 
and 


AFTER! 


Recognize it? Of course! It’s Benson’s improved version of the distinctive Hi-Lite* design adding 
beauty to ail the serviceable qualities of this fine frame. 


The Benson Hi-Lite frame is custom-made, as illustrated, to your patient's own 
taste, with delicate precious metal trim and Cosmet edged lenses. 


Benson “Custom-Tallored” Hi-Lites are available in at least a dozen 
attractive colors in addition to the four standard shades. 


Sure to catch the eye of your jominine patient! 


Write any Benson laboratory for samples and further information. 


is @ product of B&L 


Executive Offices @ Minneapolis, Minn. 


LABORATORIES IN LEADING UPPER MIDWEST CITIES 
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ALCOHOLICS ANONYMOUS 
Written from the standpoint of a member, the basic 


All of the ‘treatment procedures are described and the psychological 


4 pages, 10 cents 
appeared in TODAY’S HEALTH 
and are now available 


in pam ae ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis. Increasing 
stress on nutritional differences. 

by Russell S. Boles 

4 pages, 10 cents 


HOW TO HELP A PROBLEM DRINKER 
Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 

by Edward A. Strecker and Francis T. Chambers, Jr. 

4 pages, 10 cents 


ALCOHOLISM 


THE TREATMENT OF ALCOHOLISM 
Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure. 
an by Lewis Inman Sharp 
4 pages, 10 cents 


CONDITIONED REFLEX TREATMENT 
important OF CHRONIC ALCOHOLISM 
Its place among methods of treatment today, 


TREATMENT OF A 


the last century, new establishments and methods of treatment, 
lack of trained personnel. 

by E. H. L. Corwin 

4 pages, 10 cents 


in today’s living INSTITUTIONAL FACILITIES FOR THE 


THE ABOVE SIX PAMPHLETS ARE ALSO AVAILABLE IN BOOKLET FORM FOR ONLY SO CENTS 


HOW TO MEASURE DRUNKENNESS 


A partial transcript of an actual courtroom case. 
H. A. Heise 
8 pages, 10 cents 


ADDRESS QUESTS TO: 


BUREAU OF HEALTH EDUCATION 
AMERICAN MEDICAL ASSOCIATION 

535 NORTH DEARBORN STREET 

CHICAGO 10, ILLINOIS 
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THE ONLY SELF-LUMINOUS STEREOSCOPIC 
INDIRECT OPHTHALMOSCOPE 


AO-SCHEPENS BINOCULAR © OBSERVATION TO THE EXTREME 
INDIRECT OPHTHALMOSCOPE 


OFFERS MANY PRACTICAL ADVANTAGES OF 
eo RELATIVELY LOW MAGNIFICATION 


plied — a small diameter + 20D lens for the 
operating recom, a medium diameter + 20D 
lens for routine examination, and a large 


Ask your AO Representative or supplier for 
literature and a demonstration. 


7 
We, 
new lightweight AO-Schepens Binoc- STEREOSCOPIC IMAGE 
ular Ophthalmoscope allows you to study de- 
tails of the fundus to the extreme periphery. © MORE POWERFUL ILLUMINATION 
With the aid of scleral 4epression technique 
proficient ebecrvers can examine the ora ser- COMFORTABLE WORKING DISTANCE 
rata and the posterior portions of the pars 
plana ciliaris. The instrument is particularly 
useful in examining retinal detachments, tu- 
and other pathological conditions practically 
impossible to examine adequately by other diameter + 14D lens for examining minute 
means in the region anterior to the equator. In fundus details, 
low magnification provide an excellent means 
ya of observing the general fundus topography 
while the three-dimensional image and 
: exceptional depth of focus clarify details of 
irregular depth. 
A powerful illuminating unit is combined : 
with the observation system on a comfortable 
headband giving adequate support and ad- 
justability. Interpupillary distance is adjust- 
able. Three coated condensing lenses are sup- 
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its crystal-clear bridge gives a youthful expression . . . a frame destined 
for the acclaim of every smart, young patient you serve. It is young in 
feature-flattery ... in outline ...and in light-hearted casualness! 

it’s an important frame ... one you'll be proud to place before young eyes! 


Colors: 

Cadet Blue and White 
Mocha and Pink 
Black and White 


VA THE ART-BROW. 


-ART-CRAFT OPTICAL C0. INC. 


= 


Routine, preliminary, topical use 
of anesthetic facilitates 
EMERGENCY CARE OF RED SORE EYES 


Handling of emergency ophthalmic conditions will simplify 
examination and treatment if an anesthetic such as 
PONTOCAINE hydrochloride 0.5 per cent solution is ap- 
plied as emphasized by Mcvannel in Minnesota Medicine, 
36:1046, Oct., 1953. 


A special illustrated folder with detailed description 
of various emergency 
ophthalmic technics is available on request. 


PONTOCAINE?® hydrochloride 
For topical application, spinal analgesia and nerve block. 


ye WINTHROP-STEARNS INC. 
1450 Broadway, New York 18, N. Y. 


Pontocaine (brand of tetracaine) , trademark reg. U. 8, Pat. Off. 
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